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The Intkbnational Joint Cohmission. 

Gentlbjcbn: I have the honor to preaeat a report upon investigations made under my direction relative 
to remedial measures for the present conditions of pollution of certain boundary waters. 
Respectfully, 

Earle B. Phelps, 
ComuUing SanUary Engineer. 
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These investigations were undertaken in order to 
secure data upon vrhich to base a report upon the 
second branch of the following reference: 

1. To what extent ani by whnt causes and tn what localities 
have the boundory wotera between the United Stnfes and 
Canada beta polluted so as to be injurious to the publle health 
, i^nd unfit for domestic or otber uses? 

. In what war or manner, whetlier b; tbe ooastrDCtlon and 

Foperatlon of suitable drainage canals or plants at convenient 

points or otherwise, la it possible and nilvisable to remedy or 

event the pollution of these waters, and by wlint roeans or 

rranEeinent cnn tbe proper eonstrncllon or operation of reroe- 

Blal or preventive works, or a system or method of reuderlni; 

e waters sanitary and suitable for domestic and otlier uses 

6 best secured and maintained lu order to Insure the adequate 

roteetlon and daveli)pment of all interests Involved on both 

Vides of the boundary, and to fulflll the obllgntions undertaken 

jSn Article IV of the waterwoys treaty of January 11, 1900, 

Wtween the United States and Great Britain, In which It Is 

p-eed that the waters therein defined as boundary waters and 

Lwaters flowing acrosa the boundary shall nut be pollutwl on 

lelther side to the injury of liealtli or protKTty on the other? 

Stripped of its esplanator; matter the reference in 
laestion becomes : 

In what way la It possible and advisable to remedy or pre- 
rent the pollution of these waters, on either side, to the injury 
I of health or property on the other? 

Satisfactory reconimeudations upon the advisahilit;; 
lllpf remedial measures must be based on the one hand, 
jttpoa the results of a thorough examination of existing 
londitions of pollution; upon the feasibility and cost 
lOf remedying these conditions wholly or in part; and 
jDpon a careful comparison of the relative value and 
I cost of the benefits to be derived thereby. On the 
Jier hand, such an inquiry must be guided in the 
-r present reference by the terms of the treaty that the 
boundary waters "shall not be polluted on either side 
to the injury of health or property on tlie other." 

It is understood that the advisability of this require- 
ment itself is not in question and that it would be 
without the scope of the present reference to consider 
„,thB merits of alternative projects, such as new sources 
fit water supply for the lower coramiinities, which 
iidd not accomplish this specific requirement. 
It will be necessary, therefore, in this discussion of 
■he sdrisability of remedies, to review the results 



already obtained and reported upon by the CommiE- 
■elative to existing pollution of these waters and 
to examine these results with special reference to tbe 
nature and extent of any injury to health or property 
which may be attributed to pollution crossing the 
boundary. 

Such a review involves the interpretation of bac- 
teriological results in terms of injury and necessitates 
in turn a discussion of reasonable and permissible 
limits of pollution, the extent and character of pollu- 
tion from natural drainage, the efficacy of water puri- 
fication plants, and the effect upon the safe operation 
of such plants of increasing pollution loads. Upon 
these questions the Commission has had the advice 
of a board of consulting engineers, and tbe conclusions 
of this board will be incorporated in the present db- 
cussion. Upon tbe basis of these two lines of investi- 
gation — the bacteriological studies and the engineers' 
recommendations — -it will be possible to formulate spe- 
cific recommendations for a minimum requirement for 
the treatment of sewage entering the boundary waters. 
This requirement, however, will be expressed in terms 
of bacteria and organic improvement, and will still 
permit the application of alternative measures to 
obtain the desired results. There remains also the 
question of "possibility" of the required measures, 
which is interpreted in this case to mean the practical 
possibility or the feasibility of the projects, having 
due regard to the engineering phases and to reasonable 
limits of cost. 

In order to determine in each individual case what 
specific treatment of the sewage will accomplish the 
desired result and the feasibility and advisability of 
the suggested treatment, it has been necessary to make 
exteiiave field and office studies of drainageand treat- 
ment plans in the more important cases, for the 
purpose of the present reference and report it was 
deemed advisable and suiiicient to confine these de- 
tailed studies to the St. Clair, Detroit, and Niagara 
Rivers. Upon the latter two streams are situated the 
two largest cities existing along the boundary rivers, 
and tliese waters are accordingly by far the most seri- 
ously polluted. In these two cities the most impor- 
tant and difficult engineering problems areto be found 
and win have to be solved. Feasible remedies devel- 
oped in these two cases will tlicrefore be feasible in 
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t)i« mutllLT coinmunitie*, while the advitttbility of 
rameUitw In the cam of thu [iitt«r will necessarily 
cInpeiiU upon tlie advimbility of a K<<neral policy of 
irnprovmiient dvtarniintKl primarily by the conditions 
in th» major (ritica ii[Mjn which the burden of expense 
mtivt fall. 

The Ht. Clair River wbb iiicliuled in the studies as 
R cam\ of IviM serioua pollution It seemed desirable 
t« Incliidd thiH strenm within the Detroit diirtrict in 
order tliat the queHtion of advinability of remedies 
might be diKciiHSut] from all viewpoints. Represent- 
ing as it does the most polluted of thoac streams whicli 
will not, under tlie brond terms of the reference, re- 
quire immedinte tnmtmeiit, this river servos n« a use- 
ful llluMtrstirni of a case where the Btrirtly local as- 
pfrts of the situation demand morn stringent treat- 
ment tlinn wniild lie jiuitified by the results to be 
uttained from an international viewpoint. 

I'hese stuilies have Itnoti of the nature of prelimi- 
nary eniiineerinft invest! Rations of certain alternative 
pmjects of main drainage lines and treatment works. 
They have in each case been carried sufficiently far as 
to dntsil of basic data snd of design to juritify pra- 
liiiiinnry enginet^ring estinmte-H of cost and a general 
irtatenient of feasibility. Wliile these studies have 
bnen thoniugh, they are for the most part based upon 
rxlHting field data and upon oflice »itudy ami compila- 
tion of available ninterial. There hoa been no attempt 
to make them oomprehensive, nor has it been deemed 
iiecpusary or adviaable to develop the projects recom- 
mended in sutlloient detail to justify their adoption 
without furtltfr engineering studies. A single feasi- 
ble Milution, wlected in each ca.io from n few nltcrna- 
llvn ]irojects, has been adopted us being sufficient to 
demoniitrHte the feasibility of the general policy. 
Further studies based ii)>on the data of special MA 
work may readily develop mora economical drainage 
lines, wluU pn<gr«sa in sewage treatment will almost 
ci^rtainly indicate further econoniiea in tliat direction. 
In partiinihir, no study lins bec4i made of the possi- 
bilitiea of trmting sewage by aeration, a new and un- 
developed metljod now in the cxi»erimental stage, but 
holding pnunise of future pttsxibilities. 

In brief, the engineering studies havf developed 
fvaaible planit of collection and dis]x>SHl nt all impur- 
Uiit pointa tm the three most seriously i>ollut«d am- 
twoting riv»r« and have d«tennined the up[>er limits 
of cool of llies«> iiii|ut>T«menta with a degree of pr«- 
einoit that will be b«it ap|Mr«dat«d by reference to 
Uw cl«taU«d nporta upcsn th« work by the distrirt 
WfiiMMi in dtftrge. 

FinaLljr, tho praaaot dianunon and report brings 
loCvthw lit* data from thess various Udm of inquiry 
w4 foraraUlM • npl^ to th« Mcoad brtnch of tin 
nhtuiioti. TUs r*ply is in tlw torn of a propoaed 
poUcy ttpTMMd in tarnu aoAcMntlir broad and gw- 
•rd to ba appttonbU to tha istanwtioBal boundary 



wat«ra aa a whole at the present time and in the 
future, and at the same time so detailed and concreta 
as to indicate definitely the present requirements in 
specific cases. 

The reference also calls for an inquiry as to the 
best arrangement for the operation and maintenance 
of the remedial works. The administrative control 
of pollution in the boimdary waters is obviously a 
Federal rather than a State or Pronncial matter. 
The magnitude of the work, the diverse jurisdictions 
involved, and the necessity for international coopera- 
tion and uniform development upon the two sides of 
the boimdary emphasize this fact. The proper ad- 
ministratiie supervision of any international policy 
for the protection of these waters demands periodi- 
cal examinations of the waters and of the remedial 
works. The administrative body must have authority 
to enforce the established policy as to present re- 
quirements, increasing requirements with growth of 
population, and the inclusion of other streams within 
the scope of the policy at such times as the increased 
population upon those streams may determine. 

Such an administrative body must be international 
in character, and it should be a continuing body with 
a reasonably fixed policy and procedure. As the mat- 
ters involved are primarily health matters and in no 
way affect navigation or property interest other than 
through the health of the people, the Federal health 
authorities of the two Governments would quite natu- 
rally and logically constitute, or nominate, the joint 
administrative body for the direct enforcement of the 
continuing policy of stream protection. 

EXTENT AND SEASONAL DISTRIBUTION OP 
POLLUTION AS DISCLOSED IN THE PROG- 
RESS REPORT.' 



The bacteriological investigations were begun in 
April and continued through October, 1913. Indi- 
vidual stations were under observation for consecutive 
periods of from 14 days to 3 months. Bacteriological 
examinations alone were made and results are re- 
ported showing the numbers of bacteria growing at 
dO" C- and at 37° C. and the numbers of B. coli, a 
diaracteristic intestinal organism. Upon the ba^ 
of these results certain conclusions relative to the pol- 
lution of the waters were made. In certain portions 
of the Or^at Lakes and in all the connecting water- 
ways serious pollution was shown to exist, althouidx 
the great body of late water itself is for the most 
part remarkably pure. Both maximum and average 
results for the periods of observation at each statioo 
are reported, and attmtioo is directed to the diver- 
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geiice of daily results from tlie average ns indicating 
interraittency of poilution. Maximum results are 
frequently 10 times as great as short- period averages, 
A point of signiBcance in any discussion of water 
supply. 

SEASONAL VARIATION. 

Careful analysis of the results disclosps another 
kind of variation, the consideration of wliich leads to 
important deductions. This is the seasonal variation. 
Studies that have been made in the past of the 
pollution and self -purification of streams have indi- 
cated a direct dependence of self-pmnfication upon the 
temperature of the water. At points somewhat remote 
in terms of time from the point of pollution the streams 
show less residual pollution at the higher temperatures 
and a maximum condition of pollution during the 
winter months. 

In the case of the boundary rivers, the time of pas- 
sage is relatively short, so that no evidence of material 
improvement from self- purification need be expected. 
A quite unexpected and hitherto unnoted phenomenon 
has, however, been shown in this case, namely, a great 
increase in the bacterial evidence of pollution in the 
warmer months. This effect is shown so consistently 
in the work of the several laboratories, and upon the 
various rivers, that there can be no doubt of its reality. 
It is hardly to be believed that there is actual multi- 
plication of the intestinal organism in the streams 
themselves, although this possibility can not, with our 
present knowledge, be entirely eliminated. It is more 
probable that the bacterial content of the sewage 

^shows a seasonal variation. Whether this be traceable 
to actual multiplication of intestinal bacteria within 
the sewers or to a greater per capita discharge of 
these organisms in the warmer months can not be 
stated. In either case the observed result is of im- 
mediate and direct significance. The presence of the 
organism B. coli is in the case in hand directly and 
quantitatively indicative of human pollution. The 
known characteristics of the organism justify the be- 
lief that its reaction to environmental conditions is not 
unlike that of true pathogenic or disease producing 
bacteria, especially the typhoid germ. In the absence 
of contrary evidence, therefore, the B. coli from sew- 
age is universally accepted as a qunntitative measure 
of dangerous pollution, and whether the observed 
summer increase in numbers of this test organism be 
attributed to increased proliferation within or without 

Lthe body, the accepted significance is in no sense 

§Bltered. 

The quantitative extent of this seasonal variation is 
of immediate interest in any study of the effect of 
pollution upon water supplies. The data of the Prog- 
ress Report available for this purpose have accord- 
ingly been brought together for analysis. These data 
include the results of all examinations made at the 



same sampling station or cross section over two or 
more distinct seasonal periods. Such stations were 
found upon the St. Clair, Detroit, Niagara, and St. 
Lawrence Rivers, Certain comparisons have also been 
included between two river sections which, although 
not identical, are separated by short stretches in which 
there is no apprecialile additional pollution. The re- 
sults of this study are remarkably consistent for the 
various rivers and seasons, and taken together give the 
average seasonal effect for 1913, shown in Table I. 



c h^Seatonal distribution of B. oqH in the 81. CUttr, 
Detroit, J/iagara, and St. LauTCnoe Biven, 1913. 
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Investigations upon the Detroit River by Hubbell 
in 1915 gave results strikingly similar in general 
form, but showing a less decided drop in the fall 
months. 

For comparison with these results there is given in 
Table II a summary of the results of water exami- 
nation at Buffalo during the years 1906-1914, inclu- 
sive. Daily examinations of 1 cubic centimeter sam- 
ples were made. The table gives the total number of 
positive tests recorded during this period. There is 
also included a summary of total deaths from typhoid 
fever in Buffalo during the same period. The infor- 
mation contained in this table is taken from the 
annual reports of the Buffalo board of health. 

Table IL — Seasonal diatributUm of tvphoid fever ( total de-ath») 
and B. coli {total potitire lettt recorded in 1 cmMo centi- 
meter) in Buffalo, ia06-l9li. 
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The results of Tables I and II are plotted together 
for the season May-October in Plate I. The figures 
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for tjphoid deaths are set back one month to bring 
out any relation^p existing between them and the 
bacterial pollution. Even making due allowance for 
the expected fall increase in typhoid fever from other 
causes than water supply there is agreement between 
these curves which is more than mere coincidance. 
Further discussion of the importance of the seasonal 
variation here disclosed will be deferred until the 
matter of interpretation and standards is considered. 
The ratios of Table I, however, are so definitely estab- 
lished that they will be employed in the further dis- 
cussions of the extent of pollution of the boundary 
waters. 

EXTENT OF FOLLUTION. 

Taking up now the actual extent of pollution shown 
in the Progress Report, this may be briefly summa- 
rized as follows, the pollution being expressed in each 
case in terms of B. coli per 100 cubic centimet«r8. 

ABOTS UXa BUBOH. 

The waters of Rainy Lake showed a minor but 
quite unexpected pollution. The river itself shows 
the effect of pollution from Fort Frances and Inter- 
national Falls, which, in July, 1913, resulted in an 
average B. coli value across the river below these 
cities of 270. This pollution remains practically con- 
stant throughout the length of the river and dis- 
tinctly affects the waters of the Lake of the Woods 
in the vicinity of the river mouth. 

Lake Superior showed extensive pollution in the 
Thunder Bay region, especially in front of Port 
Arthur and Port William. 

The St. Marys River contained 17 B. coll per 100 
cubic centimeters at its source, increa^ng to 281 below 
the " Soo " and continuing at this figure into Lake 
Huron. The Straits of Mackinac were found to be 
quite pure. 

ST. CLAnt Stm AKD UZH. 

The lower end of Lake Huron showed unmistakable 
evidence of steamboat pollution. 

The St. Clair River was found to be reasonably 
pure at its upper end, eteamboat pollution accounting 
principally for the 9 B. coli found. Above Samia 
the figures reached 41 during August, 1918; and below 
Samia and Port Huron they ranged from 22 to 768 
at various cross sections. Examinations at single 
stations during the first 15 days of August gave 
results of from 106 to 1,228. The average of all ex- 
aminations of this stream made during the season, 
1,198 samples, is 254 B. coli per 100 cc. 

The mouth of the Black River gave an average 
value of 3,400, showing its gross pollution. 

Lake St. Clair showed very little effect from the 
pollution of the St. Clair River. It was foimd to be 
moderately polluted by shipping, especially at itc 
lower end. 



The Detroit River was more fully studied than any 
of the waters hitherto described. The discnasion of 
seasonal variation is based largely upon the data of 
this river. Whereas the average condition of the 
streams that have been dealt with is given with suffi- 
cient accuracy by averaging the results of cross sec- 
tional studies, such a procedure is not satisfactory in 
such a highly polluted stream as the Detroit The 
influence of the highly concentrated shore pollution 
can not be properly weighted in any selection of sam- 
pling stations however carefully made. 

On the other hand, the average value of a large 
number of samples will tend to eliminate sampling 
errors in any one section of the river, and a check upon 
the general accui-acy of the average is obtained by a 
comparison of results at various cross sections between 
which little or no additional pollution is contributed. 
The data on the Detroit River are sufficiently extensive 
for this purpose but extend over varying seasonal 
ranges and because of the marked seasonal changes 
already described do not permit direct averaging. 

Table III contains a summary of all data on cross 
sections below the River Rouge in the region where 
additional poUution is small in contrast with that 
added above. In order to determine the general aver- 
age character of the water in this region the data have 
been submitted to the following treatment. 

Tabu tXl^BatMi of poUuUon of the Dstrolt IHver. 
(nusfran Ptocraa ttaport.] 
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Individaal series of reEiiIts on one cross section ure 
first averaged to give an approximate cross sectional 
value at the mid date of the series. This value is re- 
duced to a mean seasonal value by use of a seasonal 
factor derived from tlie seasonal distribution curve, 
Plate I. The two or more series of determinations 
made at each section and reduced to mean seasonal 
values are then averaged, each weighted by tlie number 
of samples involved. The result is put down as the 
average cross sectional value at this point during the 
season May-September. Four sectinns are thus treat- 
ed, the first immediately below the River Kouge, the 
second at the upper end of Grosse Isle, the third oppo- 
site Grosse Isle, on both sides, and the fourth below 
Grosse Isle, 

The average values obtained at these four sections 
by this procedure are in substantial agreement and 
indicate the extent of pollution of the Detroit by the 
population upon its shores. This agreement also indi- 
cates that the methods employed in this analysis and 
the seasonal distribution results derived from the data 
of four rivers are sufficiently accurate for the present 
purpose. The weighted average of the four sections 
is 8,030 B. coli per 100 cubic centimeters, a figiire 
which will be taken as representative of the average 
extent of pollution May 1 to September 30, 1913, 

From this mean value and the curve of seasonal 
variation there can now be derived a corrected state- 
ment of conditions during the remainder of the season 
covered by the data. This result is shown in Table IV. 
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This table gives a reasonably accurate picture of 
the actual extent of the pollution of the Detroit River 
as affected by seasonal variations. Ot!ier causes of 
variation and their effects will be discussed in a later 
section. 

LAJIE ERIE AND NIACABA BIVEB. 

The western end of Lake Erie was found to be so 
noticeably affected by the pollution entering by tlie 
Detroit River as to be unsafe for use on eteamers. 
Outside of a line from Point Pelee to Sandusky, how- 
ever, the water was found to be quite pure. The east- 
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ern end of the lake showed some pollution from navi- 
gutioQ and srjme sliore pollution confined quite closely 
to tlie immediate shore waters. 

The waters of the Niagara River were studied ex- 
tensively, although not in such detail or over as large 
seasonal range as in the case of the Detroit. The 
peculiar nature of the channels between Buffalo and 
the Falls makes it difficult to obtain, from the data, 
cross-sectional values as a measure of the total pollu- 
tion. Four series of examinations are, however, avail- 
able for the purpose, two near the mouth of the river, 
one ft single set of 40 samples just below the Falls, 
and one near the lower end of Goat Island. These 
results have been treated as in the c«se of the Detroit 
River, in Table V. 

Tabuc V, — Extent of potlutUm of the Ntagara IHvar. 
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The mean seasonal value, 4,250, gives, as previously, 
the following monthly values for the Niagara River : 

Table VI. — Bztmt and ien»<mal dittrtbutUm of poITwtion, 
Niagara River. 
mean tfonnnt vslue and BFUOtul dlsun>atlan snrn.] 
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It is now poembte also to compare the mean values 
obtained upon the Detroit and Niagara Rivers with 
the respective contributing populations, the stream 
volume being practically the same in the two cases. 
This comparison is given in Table VII. 

LAKE ONTAHtO AND THB ST. LAWKENCB. 

The pollution of the Niagara River was found to 
e.xtend into Lake Ontario for 10 or 12 miles and at 
times 16 miles from the river's mouth. The direction 
and extent of this influence was found to be condi- 
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tioned by the direction and velocity of the wind. It 
was noticed that the polluted water moved as a 
whole, suffering but little change by dilution or diffu- 



Tablb VII. — Extent of pollution, Detroit and Niagara Biveri. 
in lerma of contribvUnff population. 
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The lower end of Lake Ontario was found to be 
almost sterile before the seasoa of navigation. It 
was slightly polluted later in the season by boats. The 
Kingston water front was found seriously polluted. 
Minor and intermittent pollution was observed about 
the Thousand Islands, rendering the waters unsafe 
for local domestic consumption at these points. 

In the region about and below Ogdensburg an aver- 
age B. coli value of 20 was obtained May 9-16, and of 
138 August 1-27. Reduced by the seasonal factora, 
these become 59 and 41. respectively, average 50 for 
the May-September season. The number of examina- 
tions is too few for deSnite comparison with the other 
rivers, but tnlfing the mean discharge value of 240,000 
second-feet for the St. Lawrence as compared with 
210,000 second-feet for the Niagara (Lake Survey 
Bulletin No. 24, 1915, U. S. War Department), the 
pollution at this point is representative of a. popula- 
tion of about 6,000 on the basis of the Niagara and 
Detroit values. It is not known what proportion of 
the 21,000 total population at this point is actually 
coiinectt'd with the sewerage sj'stem. 

THB ST. JOBNS. 

The St. Johns Kiver showed pollution amounting 
to about 125 B. coli per 100 cubic centimeters in the 
late fall, October 7-November 4, which in the light 
of the seasonal curves obtained elsewhere, indicate a 
mean May-September pollution value of at least 9,400. 
This is excessive in comparison with the Detroit and 
Niagara Kiver figures, population and stream flow 
considered. Assuming a low run-off of 4,000 second- 
feet for the St, Johns in October, the B. coli figures 
per capita are about 65 times as great in this case as 
in the others. This abnormal condition was attributed 
in large measure to the potiito-starcli factories located 
along this river, the waste from which contains large 
numbers of bacteria. In this case, therefore, the B. coli 
do not represent pollution of a dangerous sort. 



VARIATION FBOM AVERAGE CONDITIONS. 

While the average results derived in this way are 
convenient and necessary in discussing the e.\teQt of 
pollution and remedies therefor, it is particularly im- 
portant to note the departures from the average, both 
seasonal and as to cross sections. The long time sea- 
sonal variations have been sufficiently set forth in 
Tables IV and VI. In addition to these there are 
short-time variations extending over periods of from 
'ine to seven days, due to actual fluctuations in stream 
discharge. Maximum fluctuations in this factor may 
be taken at approximately 25 per cent either way of 
the mean, and will result in departures of a similar- 
magnitude from the mean index of pollution. 
graphically, or as regards the cross section, there i^ 
even wider departure from the average conditions, I 
maximum values ranging from 2 to 15 times the raei 
cross sectional value. These variations are of immedi<9 
ate interest in connection with water supplies i 
indicate the importance of a proper study of the lot 
tion of waterworks intakes. 

SIGNIFICANCE OF THE POLLUTION DATA 

The significance of the bacterial evidence of polln 
tion must be considered from the point of view of its 
magnitude, its seasonal and geographical distributiott,a 
and its actual relation to the bacteria of disease, Thfl^ 
practical limitations of water purification must ab 
be considered. The first two of the matters havi 
already been discussed. 

RELATION TO WATER SUPPLIES. 

Experience has shown that there is a distinct i 
lation between B, coli values in a polluted water am 
the incidence of typhoid fever in communities uai 
such water. This relation is not well fixed numei 
cally, but with improved methods of study and t 
the general reduction in typhoid fever rates, it is fc 
coming increasingly apparent that high drinkii 
water standards are essential. Where formerly 
standard of 50 B. coli per 100 cubic centimeters wai 
considered permissible in a drinking water, the tend 
ency of the times, based upon experience, is toward 
more severe standards, such as 10 or less per 100 cubid 
centimeters. With improved methods and decrease 
cost of water purification it is not improbable tha^ 
even better results will be demanded in the futui 
and will be found to be justified. 

It is obvious, therefore, that the waters of the con- 
necting rivers, which are most important in connectioi 
with municipal water supplies, are not fit for domesti<^ 
consumption without purification, and could not 1 
any feasible method be protected to that extent. 

OPINION OF CONSULTING ENGINEERS. 

This matter was discussed before the Commissioq 
by a board of consulting engineers, and the follow 
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r^miing of their testimony represents the opinion of 
that board : ' 

1. speaking generally, water supplies tnken (rom streams 
and lakes which receive the drainage of agricultural and graz- 
ing lamts. rural eomiuunliles, and unsewered towns are unsafe 
for use without imrlficutlon, but are eofe for use If purlfled. 

2. Water supplies taken from streams and lakes Into wbicb 
the sewage of cities and lowus is directly discharged are safe 
tor use after purlfleatlon, provided tlint the load upon the 
purifying mechanism Is uot too great and that a sufficient 
factor of safety Is maintained, and further provided that the 
plant Is properl; operated. 

3. As, In general, the boundary waters in their natural state 
are relatively clear and contain but little organic matter the 
best index of pollution now available for the puriwse of ascer- 
taining whether a water purification plant is overloaded Is tlie 
number of B. coll per 100 cubic centimeters of water expressed 
as an annual average and determined from a considerable 
number of confiroiatory tests regularly made throughout the 

4. While present luformaliiin does not permit a definite 
limit of safe loading for a water-purlBcatlon plant to be estab- 
lished. It is our Judgment that this limit is exceeded If the 
annual average number of B. coll In the water delivered to 
the plant Is higher than about 5O0 per 100 cubic centimeters, or 
If In 0.1 cubic centimeter samples of the water U. eoli la found 
50 per cent of the time. Wltli such a limit the number of B. 
coll would be less than the figure given during a part of the 
year and would be exceeded during some periods. 

6. In waterways where some pollution Is Inevitable and 
where tie ratio of the volume of water to the volume of 
sewage la so large that no local nuisance can result. It la our 
Jodgment tbat tlie method of sewage disposal by dilution rep- 
resents a natural resource and that the utilization of this 
resource la Justifiable for economic reasons, provided that an 
unreasonable burden or responsibility Is not placed upon any 
water-purification plant and that no menace to the public 
health Is occasioned thereby. 

6. While realizing tbat in certain cases the discharge of 
crude sewage into the boundary waters may be without 
danger, It is our Judgment that effective sanitary administra- 
tion requires the adoption of the general policy that uo un- 
treated sewage from cities or towns shall be discharged Into 
the boundary waters. 

7. The nature of the sewage treatment required should vary 
according to tbe local condltlous. each community being per- 
mitted to take advantage of Its situation with respect to local 
conditions and its remoteness from other communities, witb 
the Intent that tbe cost of sewage treatment may be kept 
reasonably low. 

5. In general, the simplest allowable method of sewage 
treatment, such os would be suitable for small communities 
remote from other communities, should be the removal of the 
larger suspended solids by screening through a one-fourth-inch 
mesh or by sedimentation. 

B. In general, no more elaborate metbod of sewage treat- 
ment should be required than tbe removal of the suspended 
solids by fine screening or by sedimeutution, or both, followed 
by chemical disinfection or sterilization of tie clarified sew- 
age. Except In the case of some of the smaller streams ou 
the boundary, it is our Judgment that such oxidizing processes 
as Intermittent sand titration and treatment by sprinkling 
filters, contact beds, and the like are unnecessary, Inasmuch 
as ample dilution In tbe lakes and large streams will provide 

Chid* of tMtinooj of coaiult- 
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Bufnclent oxj'gen for the ultimate destmctlou of tbe organic 
matter. 

10. Disinfection or sterilization of the sewage of a commu- 
nity should be required wherever there Is danger of the boun- 
dary waters being so polluted that the load on ony water- 
purl Scat I ou plant becomes greater than the limit above 
m«itloned- 

IL It Is our opinion that, in general, protection of public 
water supplies Is more economically seoired by water purifi- 
cation at the intake than by sewage pnrlllcatlon at the sewer 
outlet, but that under some conditions iKith water purification 
and sewage treatment may be necessary. 

]2. The bacteriological tests which have been made In large 
numbers under the direction of the International Joint Uom- 
mlsslon Indicate that In most places tbe pollution of the bouu- 
ary waters la such as to be a general menace to the public 
health should the water be used without purlBcatlon as 
sources of public water supply or should they be useil for 
drinking purposes by persons traveling in boats. 

IS. It la our Judgment that the drinking water used on ves- 
sels traversing boundary waters sbould not be taken Indis- 
criminately from the waters traversetl, unless subjected to 
adequate purification, but should be obtained preferably from 
safe sources of supply at tbe terminals. 

14. While recognizing that the direct discharge of fecal mat- 
ter from boats into the boundary waters may often be without 
danger, yet In the Interest of effective sanitary administration 
It Is our Judgment that the Indiscriminate discbarge of un- 
sterlllzed fecal matter from vessels Into the boundary waters 
should not be permitted. 

APPLICATION. 

Accepting these conclusions in their general sense, 
there would be required a bsicterial removal on the 
part of tbe water filters of 90 per cent to reduce the 
B. coli from 500 per 100 cubic centimeters, the extreme 
permissible value established, to 50 per 100 cubic 
centimeters, the most lenient drinking water standard 
of the past, or of 98 per cent to accomplish the stand- 
ard of 10 per 100 cubic centimeters representative of 
the better present-day practice. An efficiency of 98 
per cent represents about the average performance of 
a. well regulated plant without the use of disinfectants. 
Conservative procedure would tend to balance the pos- 
sibilities of more perfect purification, by disinfection 
or by new and improved methods, against the probable 
future demands of sanitary sience for better standards 
in water supplies. 

If further evidence as to the reasonableness of the 
conclusions of the consulting engineers be required, 
reference might be made to experiences at existing 
works where waters are being treated which are more 
polluted thun this standard would permit. Two such 
cases come readily to mind, Lawrence, Mass., and Phil- 
adelphia, Pa. In both instances epidemics of typhoid 
fever have resulted from accidental breakdowns due 
in the one instance to freezing of the filter bed during 
cleaning and in the other to a break in a raw water 
supply pipe. While such accidents are exceptional, 
they are in no sense rare, and can never be fully 
guarded against. In addition to these accidental hap- 
penings of exceptional occurrence it is readily con- 
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teivable that there are more frequent, if less serious, 
interruptions in the filter service ranging in magnitude 
all the way from the daily fluctuations in efficiency, so 
well known to filter managers, to the less frequent but 
more serious failures due to varieties of causes. M/hile 
the net effect of such fluctuations during a single year 
i5> not great and may readily be concealed in a state- 
ment of average performance, their frequency and 
magnitude are of the greatest significance in determin- 
ing the general wholesomeness of the water supply and 
its effect upon the health of the consumer, matters 
which can not be expressed in averages. In the case of 
Lawrence, it is not possible to arrive at a definite state- 
ment of the actual character of the Merrimack Hiver 
from existing data. B. coli is reported in 100 per cent 
of the cases in 1 cubic centimeter samples. A careful 
study of experimental filter operation and relative 
numbers of B. coli and of other bacterial groups, which 
latter have been determined and reported quantita- 
tively, indicates that the character of the Merrimack 
River is neither very much better nor very much worse 
than the estimated limit of pollution of 500 B. coli per 
100 cubic centimeters. This pollution represents the 
sewage of approximately 100,000 people 10 miles 
above, with the resulting self- purification which comes 
from a mean low-water storage period of 1.2 days in 
a 10-mile stretch of back water behind the dam at 
Lawrence. On the basis of mean annual run-off and 
Detroit and Niagara values previously derived, this 
pollution factor indicates a purification of between 95 
and 98 per cent in the Merrimack Eiver between 
Lowell and Lawrence. No corrections are possible, 
however, for seasonal effect or for the very great fluc- 
tuations in stream flow. In 1913, the last year for 
which complete data are available, the filter effluent 
showed B. coli in 1 cubic centimeter 15.7 per cent of 
the time, indicating approximately 16 B. coli per 100 
cubic centimeters in the water supplied to the city. 
While the typhoid fever statistics in this case do not 
permit of definite conclusions regarding the relation 
of this water supply to the typhoid fever of the city, 
it is noticeable that the typhoid death rate in Lawrence 
is exceeded by that of only one city in the State of 
50,000 or more inhabitants. In the single exception a 
higher rate is justly attributable to an excessive num- 
ber of hospital cases. Further evidence of this gen- 
eral character might be extended and will undoubtedly 
be accumulated as the importance of higher standards 
in domestic water supplies becomes better appreciated. 
For the purposes of the present report, however, it will 
be assumed, without further discussion, that the pollu- 
tion of boundary waters can not be permitted to exceed 
that which will give 500 B. coli per 100 cubic centi- 
meters as a mean cross sectional value. 

The upper limit of 600 B. coli per 100 cubic centi- 
meters was also suggested as a yearly average. In 
view of the extraordinary seasonal variation disclosed 



by the present study of the data of the Progi 
Report, the extent of which was not known to the 
consulting engineers at the time; and in view of the 
absence of data covering the winter months, it has 
been decided to deal in the present report with the 
mean seasonal value for the period, May to Septem- 
ber, inclusive, 1913, deduced from the analytical data 
by means of a seasonal curve. 

On the basis of the 1£I13 data, this mean value is 
exceeded throughout the months of July and August, 
and the maximum value is, for a short period, aboul 
2.6 times the mean. 



NECESSARY EFFECTIVE DILUTION. 
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The mean seasonal value for the Detroit and Niagi 
Rivers, taken together and properly weighted by i 
ulations, is 9.5 B. coli per 100 cubic centimeters per 
1,000 population. This mean is taken as the best 
representative value for the present purposes, although 
the possibility exists, and is suggested by some evi 
dence in the Progress Report and elsewhere, that t 
per capita pollution increases with increasing concen-'* 
tration of papulation. The difference in the values 
below Detroit and Buffalo, respectively, has already 
been pointed out in Table VII. The value given fora 
the St. Clair River reduces to a mean seasonal valm 
approximately six-tenths of the Detroit result, wbiMi 
in the case of the small communities on the St. Lawij 
rence the pollution index was shown to account fo;(] 
less than one-third the population on the basis olJ 
the Detroit values. The use of the mean Detroit«| 
Buffalo value will serve the present purpose with sul 
cient accuracy until a more careful adjustment i 
values is made possible by more complete and exl 
sive bacteriological data. Taking as the mean r 
off the round figure 210,000 second-feet for each ( 
these rivers, it is found that with a river run-off c 
1 second-foot per capita of contributing population- 
the B. coli will be approximately 2,000 per 100 cubifl 
centimeters, so that there is required a dilution < 
4 second-feet per capita in order that dilution [ 
shall reduce the index of pollution to the establisl 
limit of 500. This value of i second-feet per capita " 
may be taken as the necessary effective dilution, and 
may be regarded as the quotient of the actual dilution 
by the fraction of polluting material left after sewage 
treatment For example, if the actual dilution he 1 
second-foot per capita, it will be necessary by proper 
treatment to reduce the contributing sewage to one- 
fourth of its initial value in order to bring up the 
effective dilution to four. 

EXTENT OP SEWAGE TREATMENT PROPOSED, 

Upon this basis the present and future requirements 
of any particular case are readily computed. The 
flow of the Detroit and Niagara Rivers, approxi- 
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mately 210,000 second-feet, will receive the discharge 
of 52,500 persons without treatment, or of twice that 
number with a 50 per cent removal of polluting ma- 
terial, or of 10 times that number with a SO per cent 
removal. Taking the present population on the De- 
troit Bher at 780,000, this leads to an indicated 
removal by sewage treatment of 93.5 per cent, while 
with a future population of 1,000,000 the correspond- 
ing purification factor for the same effective dilution 
will be 95 per cent. Similarly, a purification factor 
of 90 per cent will be necessary upon the Niagara 
Kiver for the present population of approximatelv 
500,000. 

While these statements are based primarily upon 
examinations and standards, both iii terms of B. coli, 
it must not be overlooked that this organism is ac- 
cepted merely as a convenient indicator of sewage, 
and that other harmful polluting agencies must be 
dealt with upon tlie same basis. Sewage treatment 
deals with three types of harmful pollution — organic 
matter which may putrefy, solid matter which may 
deposit or interfere with filter operation, and bacteria. 
In the present case putrescible organic matter gives 
no concern, because the dilution limits imposed by the 
other two factors are far beyond those necessary in 
dealing with this particular feature. Suspended sol- 
ids, or "solids capable of settling," as used in sewage 
analysis, are undesirable because of their effect upon 
the treatment of water supplies. The extent of puri- 
fication indicated in the case of bacteria will also be 
adopted, therefore, for suspended solid matter. 

DISTRIBUTION OF EESPONSIBIUTT. 

In considering the burden of responsibility, it has 
been assumed that it is individual and to be borne 
equally by all concerned. The larger cities, by reason 
of their greater populations, are called upon to bear 
the greater costs of remedying conditions, so that 
the burden of this cost falls more heavily upon the 
American cities than upon the Canadian. Consider- 
ing the boundary waters and communities as a whole, 
however, there is found to be a condition calling for 
remedial measures in which the individual contribu- 
tions are supposedly equal and call for equal treat- 
ment. It is therefore concluded that the specified 
degree of treatment will be applied in all cases, lead- 
iDg to an approximately equal division of the costs 
per capita. Increased populations upon either side 
of the boundary will lead to increased standards of 
quality in the treated sewage. Only by such a pro- 
cedure can the maximum development of the natural 
resources of the streams be attained with a miTiimiiin 
of imposed burdens. 

ENGINEERING INVESTIGATIONS. 

The degree of purification indicated in these studies 
■8 necessary for the protection of these boundary 



waters has been made the basis of detailed engineer- 
ing investigation as to the feasibility and cost of 
accomplishing the desired results. 

ORGANIZATION AND SCOPE. 

For this purpose engineering otiices were established 
at Detroit, Mich., and at Buffalo, N, Y,, under the 
immediate supervision of District Engineers Henry 
C. McRae and Frank C. Tolles. i-eEpectively. The 
district covered by the Detroit office included all citius 
and towns upon both sides of the St. Clair and Detroit 
Rivers, and that under the Buffalo office all cities and 
towns upon both sides of the Niagara River. The 
organization in each of these offices was essentially 
the same, and comprised a district engineer, one assist- 
ant engineer, and two draftsmen, together with a 
clerk. In the cast* of the two principal cities involved, 
complete studies were made of the main drainage 
systems for the collection of sewage at a sit*! or sites 
suitable for disposal. The studies were based pri- 
marily upon " present populations," these being taken 
as tlie estimated population at such a date in the near 
future as would be selected in each case for the design 
of works to be built about 1920. In order that the 
plans might be comprehensive, however, estimates of 
future gi'owtli, I>oth as to magnitude, character, and 
direction were made, and the requirements of the 
future are provided for as fully as possible. Sincu 
these two cities eontiibute the major part of the 
existing pollution, and since the solution of their 
specific problems represents the greater part of the 
financial outlay necessary in the protection of the 
boundary waters, raost of the work of the district 
offices was spent upon them. The problems of the 
smaller communities, however, received as detailed 
and careful study as the necessities of the situation 
seemed to indicate, and in each case drainage and 
treatment plans have been prepared in sufHcient detail 
to permit the estimate of initial costs and of annual 
capital charges, including costs of operation. In each 
instance satisfactory drainage lines have been foiuid, 
and suitable sites for the necessary treatment works 
have been located. A detailed description of this 
phase of the work, with the estimates of costs involved, 
will be found in the reports of the district engineers 
submitted herewith. The present discussion will deal 
with these matters only in sufficient summary to indi- 
cate the nature of the conclusions arrived at. 

METHODS OF TREATMENT APPLICABLE. 

The nature of tha problem as thus far outlined does 
not necessitate any very extensive discussion of 
sewage-treatment methods. 

OXmATION PBOCESSES. 

Since the removal of organic matter, from the 
standpoint of its putnfactive tendency, is not indi- 
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cat«d in this case, those major processes of sewage 
treatment which involve the oxidation of organic 
matter need not be considered. The maximum useful 
development of the natural resources existing in these 
waters, alluded to in the reports of the consulting 
engineers, demands that the purely oxidizing capacity 
of these streams be taken advantage of, and it is 
readily apparent that this is sufficient for all present 
and future needs. Conditions of local physical nui- 
sance now so noticeable about the water fronts of 
both Detroit and Buffalo, in common with many of 
the lake-front cities, indicate that the maximum ad- 
vantage of diffusion has not been utilized in these 
cases, and that careful attention must be given to this 
matter in the design of outfall works, 

HEMOVAt, OP SUSPENDED tUTTEB. 

For the removal of the suspended matter capable 
of settling, which material is undesirable in the stream, 
not because of its organic character, but by reason of 
its physical condition, there are two major systems 
available, namely, fine screening and sedimentation. 
Careful consideration has been given to the respective 
merits of these two systema, and for the purposes of this 
preliminary investigation of possible remedies it has 
been found desirable to base estimates upon sedimen- 
tation in preference to fine screening. This course is 
conditioned upon several factors, one of these being 
lack of complete information on the possibilities of 
the newer developments in the direction of screening. 
Assuming, however, that screens may be developed to 
a point of efficiency approximating that which is pos- 
sible with sedimentation, a claim which is not yet 
justified by experimental data, the comparative esti- 
mated costs of the two systems fails to justify the 
recommendation at the present time of a purely me- 
chanical system, subject to all the inherent weaimesses 
of machinery, in preference to the better understood 
tank devices. In the case of the smaller communities, 
by reason of the disproportionate operating expenses 
incidental to the mechanical plant, the total annual 
cost item, taken as the sum of interest charges, opera- 
tion, and depreciation, is distinctly in favor of sedi- 
mentation. In the two major cities costs are more 
nearly equal, but there is still a slight difference in 
favor of sedimentation. These respective costs are 
largely infiuenced by the further necessity for some 
form of chemical disinfection. This treatment re- 
quires storage tanks of a capacity at least one-half 
that required for sedimentation, unless existing con- 
ditions as t» sewer outfall permit the substitution 
of such an outfall for the contact tanks. This fact, 
coupled with the conclusion that screened and unset- 
tled sewage wiU require a somewhat larger dosage 
of disinfectant for results of equal efficiency, brings 
the total charge of tlie two processes much more 



nearly together than would be the case were the dis- 
infection not an integral part of the treatment. Fur- 
ther studies based upon more detailed data aa to oper- 
ating costs and results under conditions of American 
practice may lead to a reversal of the concluaiona. J 
arrived at in this comparison, which are in no senaffi 
final. As the purpose of this investigation has been^l 
to establish the major fact of the feasibility of treat 
meut to a specified degree, and of approximate uppt 
limits of costs involved in such treatment, and as-l 
feasible and reasonable treatment can be indicated! 
along the more conservative lines of sedimentation ao4 ,1 
coincident disinfection, the tentative selection of thi** 
type of treatment and estimates of its costs suffices to I 
furnish the required information. 

Of the various possibilities in sedimentation d&* I 
vices, the Imhoff tank represents the latest develop- 1 
ment and presents marked advantages over other and \ 
earlier types of treatment. Its particular advantagtt I 
lies in the comparative freshness and freedom from I 
secondary decomposition of the sewage effluent, al>- 1 
sence of undesirable odors about the works, and par- J 
ticularly the innocuous character of the sludgo 1 
produced. This material may be readily dried uponJ 
sludge beds and disposed of in any convenient way 
without local nuisance. 

BEHOTAL OF BACIEBU. 

In connection with bacterial removal, there is alsoJ 
no necessity for a discussion of alternative methods, f 
Treatment with chloride of lime or bleaching powdoi 
has now been developed to a practical working method, I 
and sufficient data are readily available upon which ] 
to base cost estimates. Alternative processes, such i 
treatment upon oxidizing filters or the use of liquid 
chlorine or other chemical disinfectants, are all i 
much more expensive that their further consideratiom I 
need not be entered upon. 

DRAINAGE CANALS. 

GENERAL CONSmESATIOH. 

The reference specifically refers to the use of drain- ] 
age canals as a possible remedial measure. The con- t 
struction of such canals must obviously be conditioned 1 
by other uses than that of mere sewage disposal. Thii^ J 
matter has therefore been given careful and detailed 1 
consideration, with reference not to the desirability J 
of constructing a canal for purposes of sewage dis- 
posal but to the possible advantages of utilizing a 
canal to be constructed for other purposes, power I 
development and shipping, as an alternative to tho I 
river for the disposal of sewage. In no case sbtbI 
that of the American cities on the Niagara frontier 1 
has there been any special study of a canal project, I 
and no attention will be given to this particular pbaw 1 
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of tlie reference save in this single case. The primary 
function of this canal project is the development of 
wiiter power, but incidental to such development there 
are certain possibilities of improved shipping facili- 
ties and of the utilization of the canal waters for 
puipiises of sewage disposal. This project obviates 
the difficulties arising out of the treaty obligntions 
in so far as the river itself is concerned. To merit 
consideration, hovfever, it must also remedy the situ- 
ation in Lake Ontario and must accomplish this re- 
sult tvith at least as small a burden of expense and 
in as satisfactory a manner in all other respects iis 
can reasonably be shown to be the case with the 
nltemative project of river disposal. 

CONDITIONS WITH TBEATHENT. 

The disposal of sewage by dilution in a running 
stream results under ideiil conditions in a practically 
complete oxidation of the putrescible organic matter, 
and destruction of sewage bacteria. If conditions 
permit sedimentation, there is an added effect due to 
this cause. The natural agencies at work in the 
stream require time fur the completion of the purifica- 
tion, and the deposit of material upon the bed of tb- 
stream has the effect of increasing the time element 
iind permitting more perfect purification. This is 
noticeably the case in Lake Erie, where the sewage of 
the Detroit district is so completely destroyed as to 
leave in the center of the lake no trace of its existence. 
In a canal the situation is somewhat different. Sedi- 
mentation results in an initial purification which is 
only apparent and temporary. The deposited mate- 
rial still makes its demands upon the oxygen supply 
of the water above and, as in this case the supply is 
limited and. as the long-time demand of the sludge 
exceeds many times the shorter time demand of the 
flowing unsettled sewage, conditions as to physical 
nuisance are aggravated, not improved, by sedimenta- 
tion. Thus, while sedimentation assists in the ulti- 
mate dispasal of sewage, it does so at the expense of 
the limited oxygen supply of the stream. For this 
reason the prevention of nuisance in a sluggish stream 
demands a much greater initial dilution of the sewage 
than in the case of a rapidly running stream. 

In the Chicago Drainage Canal for many miles 
above the outlet there is during warm weather a condi- 
tion of complete exhaustion of the oxygen nnd of foul 
nnaei*obic decomposition. Under these conditions fur- 
ther purification by oxidation con not proceed, and it 
is only when this foul stream is further diluted in the 
shallower Des Plaines that oxidation by natural agen- 
cies is resumed. 

With a dilution of G,000 second- feet, and with veloci- 
ties of from 1.9 to 2.5 feet per second, such as ore indi- 
cated in the preliminary plans of the projected drain- 
age canal between Lake Erie and Lake Ontario, and 
with the present tributary population, sedimentntion 



would take place and local nuisance arise- especially in 
warm weather. Ultimate oxygen exhaustion would 
probably not occur, so that the discharge into the lower 
lake would probably not be foul and offensive in u 
physical sense. In tlie course of 17 hours, the esti- 
mated time of passage from the principal sewer out- 
fulls of Buffalo to the lake, a certain improvement 
in bacterial content would be noted, but owing to the 
greater concentration of the sewage, the discharge 
into the lake would be under far less favorable con- 
dition;- than at present, with thorough dispersion in 
the large volume of river water. The resultant pol- 
lution of that portion of the lake waters near the 
point of discharge would be serious, and by reason 
of the intensity of the pollution, the effect of winds 
and current would carry undesirable pollution to 
greater distances and in greater intensity than is now 
observed. Aside from the possibilities of transboiind- 
nry effects, the conveying of the sewage of this dis- 
trict in much more concentrated form than at pi'esent 
directly to the shores of Luke Ontario, and at a point 
outside the main current of the Niagara River, would 
result in an injury to .American riparian and lake in- 
terests greater than those now existing. Nor can tl»e 
possibility be excluded that this more concentrated pol- 
lution will at times cross the international boundary. 
Thus far thr discussion has dealt with present popu- 
lations. A project of this magnitude can not be en- 
tered upon without full consideration of future neces- 
sities. With a future po|>ulation of 1,000,000, condi- 
tions as regards lake pollution would be aggravated- 
not only in proportion to the increase, but to a far 
greater extent because of the overtaxing of the dilu- 
tion capacity of the canal itself. In such a case there 
can bo no question as to the character of the resultant 
stream. Throughout the warmer months it would be 
devoid of oxygen, dark in color, and foul smelling. 
Its character would be such that some change would 
be urgently demanded. Further dilution or sewage 
treatment before discharge into the canal would be the 
only available remedies. Since the dilution is limited, 
treatment alone may be considered. 

TBBATMENT RBQUIBED^ 

The problem presents too many indefinite factors 
to permit of any exact statement of treatment require- 
ments. It can be stated, however, with assurance that 
these will not be less than those outlined for the 
present conditions of river discharge. In the case of 
the canal interest attaches primarily to putrescible 
organic matter, which involves the most difficult and 
expensive form of treatment. In other words, by 
adopting a canal project, utilization of the purifying 
capacity of the river upon this material will have 
been discarded and added responsibility placed upon 
the lake. The removal of oniae putrescible matter by 
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preliminary scdimentntion is possible, but for just 
liow long a period, witli increasing population, the 
canal could continue to complete the work of oxidii- 
tion of settled scwnge and not be overtaxed so ns to 
become itself a sewer can not bo determined. The 
limits are probably between the present population 
and double that number. Further treatment of or- 
ganic matter other than by sedimentation involves 
oxidation upon filters or by some similar process, and 
under local conditions would be almost prohibitively 
expensive. 

Uacteriologically, there would be some gain in the 
cnnal project over tlie river discharge. The river does 
not permit sedimentation, and its high velocity carries 
the sewage bacteria to the lower lake in practically 
undiminished numbers. In the canal the number of 
bacteria surviving the passage to the lake would be 
diminished in the IT hours' interval, both by sedimen- 
tation and by natural decrease. This advantage 
would be largely oifset, however, by the greater con- 
centration of sewage in the canal waters, which would 
be in t!ie ratio of the river discharge, 210,000 second- 
feet, to the canal discharge, C,000 second-feet, or thirty- 
fivefold. The woters of the cnnal and cf the end of 
Lake Ontario adjacent to and within an undetermined 
radius of its outlet would be polluted to nine times as 
great an extent as the Niagara at present, even after 
allowing for a 75 per cent decrease in bacteria en 
route, a maximum estimate. Tliis condition nmst ob- 
viously be met with some form of disinfection treat- 
ment, for even though it have no international aspect, 
nn assumption not wholly justiflcd, it assuredly would 
not be an "advisable" plan in the sense of the refer- 
ence, unless it could compare in net results accom- 
plished with other plans presented. 

To place any canal project upon an equal basis of 
merit with the plans outlined for treatment and dis- 
cliarge into the Niagara, a minimum treatment equiva- 
lent to sedimentation and disinfection of the sewage 
before discharge into the canal must be added, with 
no assurance that the result would tlicn be satisfactory. 



CONCLUSION 
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This consideration of a drainage canal project, 
therefore, leads to the conclusion that such a canal it 
constructed would present no advantages over the 
Niagara Eiver as a means of sewage disposal, and that 
the cities of the Niagara frontier, located upon one 
of the greatest rivers of the country, need no addi- 
tional water facilities for the disposal of their sewage 
by dilution methods. Such incidental purification 
as is called for in connection with the utilization of 
tiie resources of this stream represents the minimum 
of requirements for any dilution system, and dilution 
in any smaller volume of water will call for more 



intensive treatment for an equal degree of protcctici 
of health and property. 

SUMMARY OF ENGINEERING INVESTIGA 
TION. 

TYPE OF TREATMENT. 

The general type of treatment adopted, with suit- 
able local modification, is therefore essentially the 
same in all cases. It comprises coarse screening for 
the removal of large floating material, sedimentation 
m Imhoff tanks, with simultaneous chemical disinfec- 
tion with chloride of lime. The necessory auxiliat^. 
plant, sludge drying beds, chemicol mixing tanks, 
are also provided. 
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COSTS. 
The estimated costs of construction havt 
treated in the usual manner as invested capital against 
which an annual charge for depreciation based upoi 
an assumed life (sinking-fund allowance) and on 
interest charge have been made. This annual churgi 
has been increased by the estimated annual operatir 
expenses to give a total annual expense, and this 
turn has been reduced to a per capita basis for pui 
poses of comparison. These figures are set forth iuJ 
detail in the reports which follow. They are summax I 
rized in Tables VIII, IX, and X. 

Tadle VIII. — Summaru of cotti ami anniinl chargct for teicodwd 
treatment, Detroit tllttrict. 

{ For deuitl!> wa Tibtu 17-«7). 
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Tabu IX. — Summori/ of cottt and annual charget for *eteat/e 
treatiHCHl. Buffalo ditlrict. 
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Table X.— -^rcrope anntiat charge per capUa for tcwilffe 
treatment, Detroit niid Uufjalo dlttricta. 
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The weighted average annual charge for the entire 
[jopnlntion of the Detroit district is found to be $0.57, 
for tlie Buffalo district $0.G8, and for the two com- 
bined $0.01 per capita per annum. For comparison 
"itli this figure it will be of interest and vahie to 
determine the total charge for water supply and sew- 
erage in certain cities. Sewiige disposal is properly 
to be regarded as tlie final step in a complete system 
which begins with the collection, purification, and dis- 
tribution of the water supply, includes the collection 
of domestic and industrial sewage, and ends with the 
disposal of the sewage. Without water supply there 
would be no sewage and with water supply, sewers and 
final disposal are essential. The system, regarded as a 
whole, is necessary to the well-being of the commu- 
nity ; the proper disposal of the final product is a nec- 
essary part of the system, and its cost a part of what 
the community must pay for the benefits of water and 
sewerage. Tlie statistics of the United States Census 
liurenu are available for the purpose of this compari- 
son.' There are there given the present value and 

■ U. 3. CcDiua Bureau. FluancUl SOtliUa ol Cltle*. 1012. Wash- 
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annual operating costs of water supplies and sewerage. 
In certain cities the cdst of disposal is included, but 
this has been subti'ncted in the more important cases 
and the remaining items do not affect the result mate- 
rially. An arbitrary interest and depreciation rate of 
."■ per cent of the present value has been used, which 
gives annual charges that are at least not too high. 
The tabulated figures follow in Table XI. 

Table XI, — FreienI valve, operating, fixed, and total annual 
eluirges of water and tcwcragc trorti t» American eitiet. 
( Weighted average per capita. ) 
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In comparison with these costs, which ore fnirly 
representative, and, because of their number, subject 
to less error than those of individual cities, the cost 
of sewage disposal as a part of this total cost of water 
and sewerage does not appear to be an unreasonable 
or disproportionate amount. 

CONCLUSIONS AS TO REMEDIES. 

Application of the criterion of efFective dilution to 
the case of the Detroit and Niagara Rivers has been 
shown to lead to a certain specified degree of sewage 
ti-eatment in the two cases. The costs of the retjiiircd 
remedial measures have been determined and found 
to be reasonable in view of the results to be attained, 
and not disproportionate in view of the general costs 
of water and sewerage works in American cities. The 
application of these measures upon these two streams 
is therefore recommended as both " possible " and 
" advisable" in the terms of the rpference. 

Similar studies of cost were also made in the case 
of the St. Clair River communities upon the same basis 
of the requirements. 

The criterion of effective dilution must also be ap- 
plied to this and the other boundary rivei-s to deter- 
mine what, if any, sewage treatment is required in 
each case. It is readily seen that except in the case of 
the Detroit and Niagara Rivers no further treatment 
is at present required to satisfy tlie general interna- 
tional requirements as here laid down. The applica- 
tion of the measures outlined for the St. Clair River, 
for example, which is the next most seriously polluted 
stream, is not justified by the evidence of transbound- 
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ary effect, this stream being in n better condition tlinn 
tliat to which it is feasible to bring the Detroit nnd 
Ningnrn Rivers by present-day methods of sewage 
treatment. This conclusion, however, is of n general 
nature and must be modified according to encit local 
situation. There must be considered, first, the con- 
clusion of Hie advisory engineers, that a minimum re- 
quirement for discharge of sewage into these waters 
should be the removal of gross floating material by 
coni"se .screens. Treatment to this extent is indicnted 
wholly upon the grounds of the immediate local effect 
of sewage discharge in a pui-ely esthetic way. In 
addition to tliis minimum requirement, there is also 
to be considered the proximity of near-by waterworks 
intakes and the question of so dispersing the sewage 
throughout the volume of the stream that not only 
the average conditions may comply with a reasonable 
criterion of purity, bnt that the concentration of 
sewage at any one point or in any one line of flow 
shall not be excessive. On the other hand, local con- 
ditions may determine that concentration of sewage 
near the shore and location of waterworks intakes in 
the center of the stream represents the most economic 
solution. These are matters which are primarily of 
local interest and need not, in the first instance at 
least, come under the general administrative control ' 
over these boundary waters from an international , 
standpoint. j 

In the development of a systematic policy of stream | 
protection, however, it may very well appear that I 
the future re<iuircmcnt of the situation may be best 
met by bringing the entire control of stream pollution ! 
under one administrative orgsmization. Whatever I 
may be the solution of this matter in the case of those I 
streams which are not at present so polluted as to | 
demand remedial treatment under the terms of the 
treaty, it is evident that the organization responsible 
for carrying out this work in general must also be 
responsible for the making of routine observations 
upon all the boundary watere with sufficient fre- 
quency to permit the establishment of the facts of 
pollution nnd of its extent with increasing population, 
nnd to indicate the future need of remedial require- 
ments sufficiently in advance of their actual necessity 
to permit proper engineering studies and the construc- 
tion of the necessary worlis. In this sense, therefore, 
the jurisdiction of whatever administrative body may 
be appointed to take charge of this work should be 
coestensive with the entire system of boundary waters. 
In the case of the St. Clair Kiver, the detailed engi- 
neering studies already alluded to have been made 
with the same degree of care as has been employed 
upon the more seriously polluted rivers, although, 
judged solely from the terms of the reference, the 
application of general remedies is not cnllcd for at 
the present time. These studies, however, have been 
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made to serve a twofold purpose. In the first pla< 
the relation of sewage disposal to water supply on 
either side of the river is one demanding some definit« 
nnd immediate local consideration, independent of any 
international questions involved. These lead m 
snrily to minimum requirements of treatment and 
not reduce the local requirements, which 
eral more exacting. In the second place, this river 
probably will be the first of the remaining streams to 
fall within the limits of effective dilution, and the 
studies that have been made will serve to point out 
the requirements of the future toward which drain- 
age studies and allied problems should be directed. 
Studies of this character are needed and should be 
made in the near future in the case of all of the other 
communities upon the boundary rivers. It is worthy 
of suggestion that in the interest of economy and uni- 
formity of administration, studies along these lines 
might well be continued by the International Joint, 
Commission or by the administrative organ izaiipB 
appointed to deal with this matter. In this wny tl 
problems of the future will he more definitely brought 
to the notice of these communities nnd their general 
solution will be better correlated along similar lines. 

POLLUTION BY STEAMBOATS— GARBAG: 



io^ 

thTai 






Some attention was given in the Progress Report 
the matter of steamboat pollution cf the boundni 
waters. This was shown to be a distinct source of 
pollution to he reckoned with in certain sections. This 
matter was also dealt with at the conference with the 
consulting sanitary engineers and their recommenda- 
tions regarding it have already been quoted. In view 
of the character of this pollution, steamboats umst be 
looked upon as moving sewer outlets traveling over 
the boundary waters and necessarily passing at times 
by and in close proximity to waterworks intakes. 
While the total contributing population is not great 
compared with the populations dealt with in the case 
of the cities, the peculiar conditions under which this 
pollution is discharged make it highly desirable, if 
ft-asible, to deal with this problem. Investigations 
conducted by the United States Public Health Service 
at the Hygienic Lnhorntory, Washington, D. C, have 
shown the entire feasibility and practicability of thor- 
oughly disinfecting the discharge from steamboats by 
means of live steam. The apparatus required for this 
purpose is inexpensive and does not require an undue 
amount of space. The entire cost of installation and 
operation of such a disinfecting system is such that it 
can be borne without difficulty by the owners of steam- 
boats and the placing of this additional responsibility 
upon these owners is entirely justified by the benefits 
which will result. The imiKii-tnnce of this aspect of 
the pollution problem is sufficient to justify the appli- 
cation of remedial measures in this case pending the 
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adoption of more general measures on the part of the 
cities. Even under existing conditions the lessened 
danger to the ^ater supplies of the steamboats tlicm- 
selves, OS Tvell as to those municipal supplies n^hicli are 
at present affected only by steamboat pollution, ivill 
justify the immediate adox)tion of these measures. 

In the case of one American community, the city 
garbage and other refuse matter is dumped into one of 
the main outfall sewers, through which it passes di- 
rectly to the river front. This material is not only 
unsightly in the immediate vicinity, but by reason of 
its gross character it serves to pollute the waters with 
undesirable organic material the evidences of which 
persist for many miles. Such a practice is obviously 
improper and unnecessary and should be specifically 
prohibited in any regulations governing the pollution 
of boundary waters. 

CONSTRUCTION AND MAINTENANCE OF 
WORKS. 

BfEANS FOB SECURING CONSTBUCnON. 

The reference further calls for recommendations 



by what meaas or amngemeDt can Uie pi-oper constractlun or 
upemtlon of remedial or preventive works or a sfsteni or 
method of renderlag tliese waters annltary and BUitnble for 
domestic DDd other uses be best secured nad maintained la 
order to aecnre the proper protection and development • * • 
of all Interests Involved • • •, 

The reference to means for securing the proper con- 
struction of remedial works, if it be not a duplication 
of the earlier reference to a " way or manner " to rem- 
edy or prevent existing pollution, must deal with the 
necessary legal machinery, or procedure, for carrying 
into effect the " way or manner " found ** possible and 
advisable." It is not therefore an engineering ques- 
tion and its discussion will not be undertaken at this 
point 

MAINTENANCE AND OPERATION OP WORKS. 

The further reference to maintaining the operation 
of the remedial works and to the protection and devel- 
opment of all interests involved evidently looks to the 
future administration of tlie matters dealt witli. Such 
administration involves engineering and administra- 
tion features in addition to the legal and legislative 
and the former will be treated here. 

The procedure and experience of the Provinces and 
States which have dealt with stream pollution in an 
effective administrative mnnncr may be taken as a 
guide in this matter. Proper administrative control 
of stream pollution must be based upon laws so care- 
fully drawn as regards their reasonableness and their 
consideration of common-law rights as to stand tlie 
test of the courts. These laws receive their support in 



the i>olice power of States to abate nuisances and to 
protect property and the public health. 

The enforcement of the law demands an organiza- 
tion equipped with facilities for engineering and labo- 
ratory examinations and investigations and with a 
staff versed in the principles of public health, sani- 
tary engineering, cliemistry, and bacteriology. The 
particular case under discussion will necessitate an 
organization of this kind and of considerable size. Its 
duties will refer largely to the protection of the public 
health, and in order to prevent duplication of effort 
and equipment the existing public health organize' 
tion of the two Governments sliould be utilized as far 
as possible. To this end the following is tentatively 
submitted. A board to be composed of the Surgeon 
General of tlie United States Public Health Service 
and of the Director General of Public Health of 
Canada might well constitute the head of the admin- 
istrative organization, utilizing the present quarters 
and equipment of the marine hospitals in the United 
States and of any similar facilities in Canada. Fol- 
lowing precedents already establislied by the Inter- 
national Joint Commission, this board might be au- 
thorized to formulate rules and regulations for car- 
rying out the recommendations and policies of the 
commission, such rules as well as any matters upon 
which the board may not be in agreement to be sub- 
mitted to the commission for approval or decision. 

GinOING PRINCIPLES IN CONTROL OF POLLUTION. 

The following general principles should guide in 
the formulation of regulations for the control of pol- 
lution in the boundary waters in its international 
aspects : 

1. The boundary waters diall not be polluted on 
either side to the injury of health or property upon the 
other. 

2. In the cose of the boundary rivers the interests of 
the two countries are so closely bound together as to 
he mutual and the quality of the streams ns a whole 
shall be considered in determining upon limits of per- 
missible pollution. 

3. The limit of permissible bacterial pollution shall 
be deemed to have been exceeded when the effective 
dilution as hereinafter defined shall be less thiin 4 
cubic feet per second per capita of contributing popu- 
lation, based upon mean river stages during the season 
Klay to September, inclu^ve. 

4. The effective dilution shall be taken as the quo- 
tient of the actual physical dilution divided by the 
residual fraction of the tctal bacteria remaining after 
treatment, provided that in the case of the St. Law- 
tence and other rivers where the time element is such 
as to permit some degree of self- purification between 
points of successive pollution, this factor shall be con- 
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bidered as an element of treatment entering the deter- 
mination of effective dilution nt the lower point- 

5. In nil cases where tlic actual stream How below 
any one point of pollution is less than 4 cuhic feet per 
second per capita of contributing population, or wliere 
the net effect of successive pollution with proper nlloiv- 
ance for self-purification in tbe intermediate stretches 
exceeds the equivalent of one contributing person per 
4 cubic feet per second of stream flow, sewage treat- 
ment shall be employed to reduce the net bacterial 
pollution to a basis of an effective dilution of 4 second- 
feet per capita, as defined. 

6. Sewage treatment, while based primarily upon 
bacterial pollution, thall also include the removal of 
suspended solids capable of settling to approximately 
the same degree us is called for in the case of bacteria ; 
provided that this requirement sliall not be extended 
to an unreasonable degree in the light of good engi- 
neering practice; and provided further, that in the case 
of combined sewer systems, ordinary mineral detritus 
shall be excluded in computing the degree of removal. 

7. In all cases where sewage treatment to a specified 
degree is demanded, the entire contributory popula- 
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tion shall be dealt with upon the same basis of rela- 
tive improvemnt required, so that the net residual pol- 
lution from each community shall be proportional to 
its population; provided, however, that where the 
factor of self-purification is an element in the degree 
of pollution at any point the population above shall 
be reduced to equivalent population at that point bv 
the self-purification factor, and the burden of re- 
sponsibility shall be apportioned in terms of these 
equivalent populations. 

8. Steamboats which pass by waterworks intakes 
shall be regaiHled as being capable of discharging sew- 
age in the near vicinity of those intakes without appre- 
ciable dilution. The application of the rule leads in 
this case to a complete bacterial purification or sterili- 
sation before discliarge. Equivalent removal of soUds 
ciipable of settling will not be required in tbe case of 
steamboats. 

9. So garbage, city waste, offal, or other like ma- 
terial capable of polluting or rendering offensive the 
Maters sliall bo deposited in the boundary rivers, or 
in such places as will permit their reaching 
rivers. 
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INTRODUCTION. 



I 



We have the honor to present n report upon investi- 
gations made by the Detroit office relative to remedial 
nicnsiires for the conditions of pollution of the St. 
Clair and Detroit Eivers. 

DESCRIPTION OF DISTRICT. 

GEOCBAPBT. 

Geogrnphicnllv, the territory considered in this 
report consists of the border lands lying on both sides 
of the St. Clair and Detroit Rivers, which, together 
with Lake St. Clair, foi-m the natural divisions be- 
tween the Province of Ontario, Dominion of Canada, 
and the State of Michigan, U. S. A. These waters 
pursue a general southwesterly course, connecting 
Lake Huron and Lake Erie, The district may be con- 
sidered as being divided into two parts by Lake St. 
Clair. The upper portion is formed by the St, Clair 
River, which flows for a distance of about 40 miles by 
steamer track from the extreme southern end of Lake 
Huron to the northeastern side of Lake St. Clair. 
The Detroit River, forming the lower part of the dis- 
trict, has its source on the southwestern side of Lake 
St. Clair, at a point about 17 miles distant from the 
southwestern end of the St. Clair Flats Canal, and fol- 
lows a course which is curved for a part of the way 
for a distance of 31 miles, discharging finally into 
Lake Erie near its western end. 

TOFOGBAPHT. 

Topographically, the land of the district is quite 
flat and relatively low with respect to the water level 
of tUo rivers. 

ST. CLADt RIVER. 

The St. Clair River is composed of two character- 
istic sections. The upper normal section is 27 miles 
long, varies in width from one-fourth to three- fourths 
of ft mile, and contains two islands, namely, Stag 
Island and Woodtick Island. The banks are clay and 
sand and are quite steep. The depth, except imme- 
diately adjacent to banks, varies from 20 to 47 feet. 

I The lower Delta section divides the river into a num- 
jer of distributories, and forms what is commonly 

^known as the St. Clair Flats. The largest of the dis- 
tributories are the North, Middle, and South Chan- 



nels, the latter being the most important one, and the 
one used for navigation. 

The discharge of the St, Clair River may be given 
by quoting from the Report of the Chief of Engineers, 
United States Army, 1912, Appendix FFF, Northern 
and Northwestern Lakes: 

Tlie now of ttie St. Clnlr Itiver for mean lake levels, ISOO- 
1011, luclusive, by tlic 1910 oquntion is 207.750 e. t. a. 

The velocity, according to the " 1904 Report, Chief 
of Engineers, United States Army," is 5.5G1 feet per 
second for the lirst 0.8 of a mile, and 3.0T8 feet per 
second for the remainder of the distance. Tliese ve- 
locities are bused on a discharge of 209,4o0 cubic feet 
per second. 

The water is nt most times very clear, but after 
heavy rains is colored by the clay-bearing discharge 
of the Black, Pine, and Belle Rivers on the Michigan 
side. It has been observed on days following hcax^ 
rains that opposite St. Clair the line marking the clear 
water from the colored was very distinct, while a few 
miles downstream, but well above Algonac, the water 
presented a nearly uniform appearance from shore 
to shore. The occurrence of this plienomenon in such 
a swiftly flowing stream would seem to be strong 
evidence in support of the contention tliat pollution 
crosses the boundary in both tlie St. Clair and Detroit 
Rivers. 

DETROrr RIVER. 

Tlie upper 13 miles of the Detroit River is of fairly 
constant cross section, except nt its head, where it is 
divided by Peach Island and Belle Isle. The bottom 
if of earth and the banks for the most part quite steep. 
The width of the greater part of this section varies 
from one-half to three-quarters of a mile, and the 
depth fi'om 25 to 40 feet. The lower part, from the 
head of Fighting Island to Lake Erie, is broken up by 
many islands and expanses of shallow bottom, with 
Ihe bottom consisting of earth and boulders, and in 
some places of bed rock and boulders. 

The discharge of the Detroit Ri%'er may, with su(H- 
cient accuracy for practical purposes, be considered 
as the sum of the discharge of the St. Clair and the 
drainage area of Lake St. Clair. The "1904 Report 
of the Chief of Engineers, United States Army, Ap- 
pendix EEE," says that the "St. Clair drainage area 
adds on tlie average 4,700 cubic feet per second." 
29 
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The dischnrge of the Detroit River is, therefore, 
207,750 plus 4,700, or 212,450 cubic feet per second. 
The following table, made up from information ob- 
tained from the report quoted above, shows the vehic- 
ity characteristics of the different stretches. 

T*BLi No. IZ—TclociHca in the Detroit ttiver. 
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Grosse Isle has an important effect on the course of 
the river in that it directs the major portion of flow- 
close to the Canadian shore for a distance of about 
3 miles just above and below Amherstberg. This 
island by its position also forms what is known as the 
•'back channel," which flows between Grosse Isle ond 
the Michigan shore. This back channel is the most 
heavily polhited of any of the channels in the lower 
part of the river. It receives a comparatively small 
portion of the flow of the river, but on account of 
the configuration of the bottom, is obliged to carry 
the pollution from Ecoi-se and Wyandotte, as well 
as n major portion of that from Detroit and River 
Rouge. 

LAKE ST. CLAIB. 

Lake St. Clair, which forms the middle link of the i 
chain of waters connecting Lake Huron and Lake | 
Erie, has a water surface of over 503 sijuaro miles, I 
Over the greater portion, its depth is between 1.5 and i 
■21 feet. Tliese depths prevail in the central, southern. I 
and southwestern sections, those in the northwestern 
section near the St, Clair Flats being somewhat less. 
The bottom is sandy near the shores on all sides, but 
is clay over a large area in the center of the lake. 
On account of the shallowness of the lake, strong 
winds will make the water quite muddy at times. Tlie 
lake acts as a storage basin with attendant purifying 
influence on the polluted waters of its tributaries, so 
that the polhition which is in evidence at the mouth 
of the St. Clair River partly disappears before tlie 
water reaches the entrance to the Detroit River. 

INDOSTItlAL CHABACTEeiSTICS. 

Various conditions exist at different localities with 
respect to industrial development. Along the St. Clair 
River industrial pursuits are not followed very exten- 
sively, although there is some activity at Port Huron 
ond Sarnia and a smaller amount at the communities 
downstream from these. The same is true of the ex- 



treme lower section of the Detroit River, but, on the 
other hand, the upper section of this river is teeming 
with activity of a manufacturing nature, the interests 
focusing at Detroit on the Michigan side and being 
quite active also at Windsor, Walkerville, and Ford 
City on the Ontario side. The principcil industry of 
this section 'w that of the manufacture of automobiles, 
their parts and accessories. Other important indus- 
tries include the manufacture of drugs, salt products, 
stoves, copper ond brass products, metal windows, elec- 
tric heating materials, boats, carbon, beer, and whisky. 
None of the industrial processes are likely to result in 
the discharge of waste products in sufficient quantity 
to seriously affect the condition of the river water, 
except possibly those of drug manufacture and the 
concerns depending for their raw material on the 
immense salt beds which underlie this section. Some 
of the latter, among which might be instanced the Sol- i 
vay Process Co,, the Michigan Alkali Co., and the 
Penn Salt Co., discharge quite large quantities of 
waste products about which there is considerable com- 
plaint in certain localities. Among other tilings, it is 
averred that fishing has been seriously interfered with. 
The residents of some of the villages below Detroit 
are reputed to feel rather keenly about the condition 
that has been created, many of them having formerly 
depended on fishing as a part of their source of live- 
lihood. It seems quite likely that this subject of indus- 
trial wastes may soon become sufficiently pressing to 
require detailed investigation and possibly some sort 
of regulation. 

POPULATION. 

The population contributing untreated sanitary 
sewage to the St. Clair and Detroit Rivers is conlined 
largely to a number of municipalities which are listed 
in Table 13 with their respective populations in 1915. 

In addition to the above there is some temporary 
summer population at the St. Clair Flats (a summer 
resort on the Delta of the St. Clair River), in some 
of the towns on the St. Clair River, and in cottages 
scattered along the rivers at various points. 

WATER SUPPLY. 

All these municipalities obtain their water supply 
from the river waters, and in each case they have taken 
care to locate their waterworks intake above their own 
sewers. In no case, however, are they afforded any 
protection against pollution from upstream communi- 
ties except that of chlorination, which has already 
been introduced at most of the places. It is worthy 
of note that Port Huron and Sarnia, the uppermost 
fities on the St. Clair River, have both taken steps tn 
recent years to purify their supplies, although coming 
as they do from the St. Clair headwaters they arc ob- 
viously less contaminated than any other supply in the 
district. 



Digitized by 



Google 



FOLLUXIOK OF BOUITDABT WAIEB8. 



■ No. 13,— FoputatUm of mvnklpaUtUt om (As 8t. Ctatr 
and Detroit Riven, lOiS. 
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1 InclEi^lu Kuna lUburhs □( lh« corporBtc city. Thli Seuns b that given by Iha 
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lacludei RJi-cr Rouge, Econe, and Oalfuood, which lie outiidc or the arm adoplf d 
(or thu DbuoU metropolitan dbtrlct. It, however, does not ineiudo the popuhilion 
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ORCANIZATIOH. 

The personnel of the orgnnizotion conducting tbo 
studies with their terms of servicen'QS as follows: 
a C, McKae, district enslneer, February 15, 1015-AprU 1, 

loia. 

Irving P. Knne, nsslstant district enelneer, March 1, 1015- 
[)ec«inber 1, 1013. 

Ituaselt E. Tiikken, drnftsmnn, Altircli ld-E)ecetnbcr 1, 1013. 

L. O. LcDiini'dt, drartsiiiDD, March 3-D«ceiiibcr 1. 1015. 

The district engineer was rcsponsiljle for the gen- 
eral conduct of the work nnd for the ti-entmcnt plnnt 
studies, the assistant district engineer for the inter- 
ceptor studies and the draftsmen for the compilation 
of dnta, detailed computations, and the preparation 
of the plates. The faithful and energetic services of 
the membei'S of the office force have contributed 
largely to the outcome of this investigation, and are 
hereby acknowledged. 

It is n plensuro to record here appreciation of the 
courtesy of Dr. John W. S. McCuUoiigh and Mr. 
Frederick A. Dallyn, B. A. Sc., respectively, chief 
health officer of Ontario and provincial sanitary engi- 
neer of Ontario, in rendering assistance in the studies 
for the cities in Ontario. 

The Detroit studies were made in close cooperation 
with Mr. Clarence W. Hubbell, consulting engineer, 
and his oflice force, to whom had been referred, on 
the pai-t of the city of Detroit, certain questions per- 
taining to the sewerage and sewage disposal problems 
of that city. 



DETROIT, MICH. 

MFTBOPOUTAN DISTRICT. 

The city of Detroit lies in such a position that it 
completely separates from the Detroit Eivcr the im- 
poi'tant villages of Highland Park and Hamtramck, 
as well as other minor but growing communities, 
which, because of their topographical position, stiould 
logically, ond actually do, discharge their sewage 
tlirough Detroit's sewers. One of tliese villages is now 
seeking further relief tlirough the medium of litiga- 
tion. Sewerage needs will soon be pressing also in 
the part of the Grosse Point section east of that por- 
tion which now drains tlirougli the Jcffei-son Avenue 
sewer to the Fairview pumping station in Detroit 
The villages in this section must drain either through 
Detroit or dli-ectly into Lake St Clair, or indirectly 
into Lake St Clair through small, sluggish water 
courses; and neither of the last two alternatives are 
satisfactory, nor will tliey likely be in the future. 

Furthermore, so long as the various communities 
referred to continue to act independently in solving 
their sewerage problems, it seems certain that there 
will bo friction between them and economic waste, 
due to duplication of effort ond the lack of coordina- 
tion in planning for future needs. In consecjuence 
of the conditions cited, and of the fact that this sec- 
tion is developing and increasing in population very 
rapidly, it would be illogical to confine a study of 
tlie future sewerage problems of this district to tlie 
area now included witliin the coi-porate limits of 
Detroit, and such a coui-se would sui-ely be fruitless 
of concrete results. The establishment of a logical 
di-ainage district, termed hero for convenience tlie 
" Detroit metropolitan drainage district," would be 
advantageous in — 

(1) Preventing disputes between the various inter- 
ested comnnmitica. 

(2) directing economics and producing more satis- 
factory conditions generally by means of comprehen- 
sive planning. 

Such a proposed metropolitan district has therefore 
been selected as a basis for these studies and has been 
delimited on plate 2 more or less arbitrarily, hut with 
the following points in mind: 

1. The inclusion of all territory that is at all likely 
to become a part of or drain tlirough the corporate 
city within the next 50 or CO years. 

2. The limitations of position which might tend to 
prevent existing corporations from being included in 
such n district. 

8. The exclusion of territory beyond the limits of 
Wayne County. 

This area, consisting of about 74,580 acres, includes 
the villages of Highland Park, Hamtramck, and th« 
Grosse Point sectloo. 
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The nntiirnl drainage is for the most pnrt through I 
the Detroit River and its tributaries, River Rouge I 
nnd Conners Creek. A smstll section in the northeast 
corner drains tliroiigh the Milk River to Luke St. 
CInir, and a narrow strip near the Wnyne County line i 
drains to lakes in Macomb County and finally through 
the Huron River to Lake Erie, just below the mouth 
of the Detroit River. The topography provides easy 
slopes, there being, in fact, ona section where the aver- 
age slope for a distance of 4^ miles is only 2.2 feet per 
mile. Approximately one-half of the area is less than 
45 feet above mean river level, and about one-seventh 
is less than Gu feet above the same point. 

EXISTING SEWERAGE SYSTEM. 

Tlie sewerage system of Detroit is a combined sys- 
tem which provides outlets for similar systems in the 
suburban villages of Highland Park, Hamtramck, 
part of the Grosse Point section, and other outlying 
sections. 

AH sewers larger than tcrrn-cotta pipe sizes are built 
of a local brick which is quite porous and not very well 
fonned, but which is reputed to possess good wearing 
qualities. The quality of workmanship is only fair. 
Main sewers are for the most part built in the parallel 
streets which run perpendicular to the general course 
of the Detroit River, into which they all discharge, 
directly or through the River Rouge. Their dis- 
charge ii, with one exception, by gravity, nnd is in 
many cases through multiple barrel outlets nnd at a 
variety of elevations. In no case, however, is the out- 
let submerged at ordinary river stages. The plan nnd 
profile records of sewers constructed in recent years 
are complete and may be considered accurate, but the 
lecords of some of the older sewers are reported to be ' 
of doubtful accuracy. ' 

The storm-water inlets are of the catch-basin type 
so that a large portion of grit from the streets is pre- 
vented from entering the sewers. 

There is very little territory in the district that can 
not, from physical reasons alone, have its storm water 
discharged by gravity. In view of this fact there is 
one novel but important exception to the general plan 
that has been followed in laying out the main sewers. 
Reference is made here to the Jefferson Avenue sewer. 
feet in diameter, the discharge of which is pumped 
at the Fairview pumping station. This station is a 
large one, located nbcuit 2,000 feet downstream from 
the water-supply intake crib nnd is designed to pump 
all the drainage, both sanitary and storm water, from 
the locality sened by the Jefferson Ai'cnue sewer, 
Tliis district includes n small section of the eastern 
portion of the city and a part of the Grosse Point sec- 
tion east of the present city limits. The purpose of 
this nrrnngement was the protection of tlic water sup- 
ply from polluting drainage which might otherwise 
have been discharged in the vicinity of the water in- 



take, either directly into the Detroit River or indj 
rectly through Connera Ci-cek. 

PROPOSED MODIFICATIONS. 

Because of the protective influence of natural cur- 
rents, it is tt mooted question whether the discharge 
from Conners Creek ever becomes so intermingled 
with the waters of the Detroit River as to contami- 
nate the present source of water supply. Neverthe- 
less there appears to have been sufficient reason for 
the establishment of the Fairview pumping station, 
at least so far as the diversion of the sanitary sewage 
is concerned. Whether a necessity has existed in the 
past for pumping the storm water is perhaps an open 
question, but there is no doubt that the extension of 
the present protecting measures of pumping botll 
sanitary and storm-water drainage so as to inclua 
all of the rapidly growing Grosse Point villag 
would be prohibitively expensive. It would be bet 
to move the existing water intake to a more distil 
location in Lake St. Clair. It has therefore 1 
assumed in these studies that the Jefferson Ave 
sewer can in the future be used solely for conveyii 
sanitary sewage from the section now served by fl 
as well as the remainder of the Grosse Point secti<q 
and that the storm water from this section will 1 
discharged through other drains into Lake St. Clanj 
Conners Creek, and the Detroit River. This can 1 
accomplished for tjie most part by gravity, thoud 
there is a small section which will require low-1 
pumping. 

It will also be highly advantageous if, in futui 
developments the storm-water needs of the territc 
not now provided for be taken care of by large drail 
constructed for this purpose, preferably in the Conl 
nere Creek and Rouge River valleys, and if this t 
ritory be provided with collecting systems designed t 
carry only sanitary sewage. 

There appear to be attractive possibilities in i 
project for covering over, and straightening the coun 
of, the lower reaches of Conners Creek. This wouI|| 
provide an outlet following natural drainage lines f<a 
the storm drainage from an extensive area, and wou] 
permit the utilization of considerable land now tin« 
serviceable. This land might be used for park pui 
poses, or the returns from the enhancement of its valt^ 
as a result of the improvement might be used to c 
a part of the expense. Such an improvement would 
also provide an outlet for the efiluont of a treatment 
plant on Conners Creek at practically no ndditioni 
expense. 

POPULATION. 

The recent rate of growth of the Detroit district 
has been so exceedingly rapid that it is difficult I 
make a forecast which can be relied upon with ( 
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dpgrce of certninty, for it is htirdly possible for siich ] 
rapid growth to bo continued for very long. TIus 
ccmmitnity lins enjoyed nn umisnnl development in 
company with tlie rapid increase of tlic motor car in- 
dustry, and, wiiile this indnstry will no doubt con- 
tribute largely in the future towmd n hcnltiiy growth, 
it does not seem likely that it will itself grow, in the 
fiitui'e, nt as high a percentage rate ns it has in the 
past. On the other hand, there are numerous other 
industries n-hich will contribute substantially to the 
further development of the district, such as the manii- 
fncture of drugs, stoves, and salt products. These 
are now large, and the last certainly will increase 
rather than diminish, for ihe reason that it is founded 
on a gi-eat natural resource of the district. Further- 
more, there arc apparent advantages of location in 
the existing and proposed railroad trallic connections 
with the East and West, the water connection with 
northern iron ore fields, and proximity to Canadian 
territory on the natural traffic line from the West to 
eastern Canada. These factors all point to the con- 
clusion that tho past growth and development has 
rested on solid foimd:itions, and the prediction that 
futnro development will be substantial. 

The population records that are available are com- 
plete. They consist of annual censuses of the water 
board which check with the United States Census fig- 
ures every 10 years, so that they may be considered 
sufTicicntly accurate for all practical purposes, and 
from them the plot of plate 3 has been prepared, the 
solid portion representing tho growth in population 
from ISGO to 1015 and the dotted portion the forecast 
of future growth. 

This plot is of vahie in that it assists in the forming 
of a proper conception of the magnitude of projects 
now under consideration, but fcr the purpose of sewer 
design it was necessary to determine upon a probable 
distribution of population, or, in other words, n prob- 
nble density of population for the different parts of 
the district. It is well known that the density of 
population varies greatly over the area of n large city, 
being affected by various factors, such as the localiza- 
tion of industrial activities and commercial centers 
and the characteristics of the dwellers in tho various 
sections. It may be said in general that the residen- 
tial sections have been developed in a manner typical 
of many western cities, in that a large percentage of 
the dwelling houses are detached houses surrounded 
by ample lawns and numerous shade trees. In the 
study of population density a largo number of house 
counts were made on known areas in sections that 
seemed to be representative of various types of devel- 
opment. It was found also that the report of Barclay 
Parsons & Klapp on the rerouting of street cars con- 
tained n very careful study of population distribution, 
and this was freely consulted. After careful consider- 
80568—18 3 



ation of nil the evidence available, it was decided to 
nsstmie for the purpose of sewer design that the area 
would be built up ult'unately to densities as indicated 
below, 

peraera. 

Section boundoO by the Detroit Itlver, Fourth Street. 
Crand Uonlevnnl, ami Jus. Ciiiupaii Aveiuie . 80 

Section buuiiileil by the Delrok lllver. Joa. Cnnifnii Ave- 
nue, tlie noi'tlicrn city buuiiiliiry line, and Seiuluule Ave- 



Sectlon boiindwl by tlie DutrolC Itlvor, Tourtli Street, 
Gi-nnil Bouk'vnnI, nnil F:iKlilecntli Stfect.. 



Section boiiniliNl Uy tlie Detiolt Klver, Seminole Avenue, 
tlic nortbcrn city bouuibu-y line, and St. Jcnn avciinc — 

Section tKiundiHl by tbe Detroit Itlver, Elghtcentb Street, 
tlie northern city boundary line, Llveruols Avenue, and 
Artillery Avenue„ 

Section bounilt^l by GramI Boalcvnnl, Hie nortbcrn city 
boiuiilnry line, Llvernols Avenue extciitleU, Joy Itoad, 
nnd Jos. Cnnipnu Avenue 

Section boumled by tlie Detroit Itlver. Artillery Avenue, 
Llvernols Avenue, tbo nortbcrn and western city bouud- 
nt-y liiw „ 

Section bounded by tbe Detroit Itlver. St. Jean Avenue, 
nnd tbe nortbcrn nnil eastern city boundary line 

Sections lying outside of tliose de3crlt>e<l alwve- 



Industrial areas wltiilu any of tbe above sectlotis 



The total area of the district outlined on Plate 2, 
ns stated previously, is approximately 74.580 acres. 
In Detroit, ns in all large cities, certain sections are 
given over almost entirely to industrial uses, and other 
sections are similarly given over to commercial uses. 
Taking the present city of Detroit as sufficiently rep- 
resentative of the proposed district, an industrial map 
was studied nnd computations were made to determine 
upon a reasonable percentage of the total area to allow 
for industrial development. It appeared that about 
20 per cent of the area should be allowed for this pur- 
pose. This is in fair accord with conditions in other 
cities, and was therefore adopted. Furthermore, cer- 
tain areas were definitely delimited on working maps 
in that portion of the district which has already de- 
veloped suQiciently to render such a procedure reason- 
able. 

There was little guiding evidence available for the 
delimitation of a commercial area, but for the purpose 
of definiteness an area of 500 acres centering around 
the present commercial section of the city was adopted. 

WATER CONSUMPTION. 

All the water used by Detroit and the suburbs sup- 
plied by the city is pumped from the Detroit River, 
Tlie pumping station is located on F.ast Jefferson 
Avenue near Penn.sy!vnnia Avenue, and draws water 
through a tunnel from a crib which is located just 
off the head of Belle Islp. The sixty-second annual 
report of the board of water commissioners for the 



Digitized by 



Google 



M 



POLLUTION OF BOUNDABT WATEHS. 



year endiog June 30, 1914, lists the following suburban 
villages ns being supplied with water from the Detroit 
supply: Highland Park, River Rouge, Ecorse, Ham- 
tramcit, Onkwood, Grosse Point, and Greenfield. 
Highland Park now has its own supply. Careful 
records of the amount of water used have been kept 
since 1880, and hourly pumpage records are available 
since 1900. From these records and from the meter 
records of the water supplied to the various villages 
it is possible to compute accurately the per capita con- 
sumption for the city of Detroit. This figure fur- 
nishes the best available information upon which to 
base estimates of the quantity of sewage to be ex- 
pected from the district. These data have been set 
forth in Table 14. 

Tadue No, 14.— Wafer conmmption in the city of Detroit. 
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■ DKrolt utd labnrbi lappUw) by the sitr mpplr. 

An inspection of this table shows that during the 
years 1900 to 1909, inclusive, the per capita consump- 
tion varied considerably, but in only one year did it 
exceed 173 gallons. The unusually cold winter of 
1903-4 is a very probable explanation of the high 
consumption of 178.4 gallons for that year. 

During the later years the per capita consumption 
has been on a distinctly higher level, but only in one 
CBse, that of the year of 1911-12, has it been appre- 
ciably over 180 gallons. The winter of 1911-12 was 
again a severe one, which accounts for the consump- 
tion of 191.3 gallons in that year. The increase of the 
level which has been maintained since 1910 was prob- 
ably the result of a quickening of industrial activity, 
with its correspondingly greater percentage draft on 
the total supply. 

Beyond the natural tendencies of the American peo- 
ple toward waste and lavishness, there seems to be no 
reason to suppose that the per capita rate of water 
consumption of this district will increase much more, 
and in view of the fact that several years ago the aver- 



age consumption was reduced to the extent of i 
25 gallons per capita by a campaign of rigid inspec- 
tion it seems reasonable to assume that the future con- 
sumption can readily be kept as low as 190 gallons per 
capita. This afisumption is further supported by the 
probability of an automatic deterrent against waste 
being introduced in the form of an increased cost of 
water. A daily water consumption of 190 gallons per 
capita has therefore been adopted as a basic figure 
for use in determining the amount of sewage to be 
expected from the district. '^M 

OTHER FACTORS AFFECTING QUANTITY OF V 

SEWAGE. ^ 

In arriving at an estimate of the quantity of sewage 
contributed by a large community such as the Detroit 
district, it is necessary to consider certain factors be- 
sides population and public records of water consump- 
tion. Specifically the factors referred to that 
most common, and which were considered in this 
are: 

1. The use of water from private supplies. 

2. The amotmt of water pumped that is not retu. 
as sewage. 

3. Infiltration of ground water into sewers. 
Careful inquiry developed the fact that private well 

supplies in Detroit are practically nonexistent. There 
remained the probability of private supplies pumped 
from the river. These would naturally be supplies of 
industrial plants, and for the most part used for in- 
dustrial purposes. It was found that some such 
plies do exist, and also that in some cases the indl 
trial discharge was through private drains directly 
the river. It was concluded, therefore, that inasmui 
as all industrial discharge could readily be made 
directly to the river, the matter of private supplies 
might be eliminated from consideration. 

The amount of water lost during its course from 
source of supply to its discharge into the sewers 
not readily determined. There did not appear to 
any local data which would throw light on this si 
ject, and after a study of the literature it was deci( 
to base calculations on the assumption that 10 per 
of the total amount of water delivered by the pumptiil 
was lost through industrial and commercial proci 
and 5 per cent was lost through domestic channels. 

The amount of water which enters sewers by inl 
tration is, of course, extremely variable, both as 
time and locality. Over a great deal of the area 
the Detroit district it is probably less in quantity am 
more uniform in rate of entrance than in many placm,'' 
on account of the nature of subsurface conditionsL:^ 
A large portion of the area under consideration, par- 
ticularly that portion on which the present city is. 
built, is underlaid with a blue clny, which is very stiff^ 
and quite impervious to the passage of water. Some' 
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ECCtions nrc of n somcwlint snndy nntiire. It wns 
decided to make nn nllownnce in these studies of ."lOO 
gallons per acre per dny in tlic cluy sections and 1,000 
gallons per ncre per day in the sandy sections. 

The several factors above referred to having been 
determined, there remained the consideration of two 
I other important factors in order to permit the ciilcii- 

lation of tlie rate of sewnge flow ut any particular 
point. These are the effects of Industrial develop- 
ment and commercial development. It is well known 
that areas devoted to the pursuit of industrial and 
commercial enterprises contribute much more sewng.- 
than other areas of equal extent. Fortunately tlie 
water used for these purposes in Detroit is practically 
all metered, and the meter records were therefore 
carefully studied to throw light on this matter. It 
was found that about 35 per cent of the water used 
was used by industrial and commercial consumers. 
Furthermoi-e, tabulation was made of the water used 
by and the area covered by a number of typical in- 
dustrial plants, and this disclosed the fact that there 
might he expected an average contribution of sewago 
of 8,000 gallons per acre per day from areas of an 
industrial nature in e,\cess of the domestic sewage 
from that nren, based upon resident population. A 
similar study of commercial areas indicated an aver- 
age excess contribution of about 33,000 gallons per 
acre per day. 

QUANTITY OF SEW.\GE AND BASIS OF DESIGN. 

The above conclusions in regard to the quantity of 
sewage to be expected from various sources have been 
arrived at for the purpose of determining on a ra- 
tional basis of interceptor design. Witli the same pur- 
pose in mind they have been brouglit together and 
their application in these studies indicated as follows: 

Water consiuiiptlon nssumeil. 100 gallons i>er cnpicn per <laj'- 

Percentage used for InJustrLnl nnil conimerdnl purposes. 33. 

Assumed loss. 15 per cent, of wlilcli 10 per cent of 100 or 
It) gnllons per capita per day Is lost through Intlustrlnl iind 
coninierclal channels, ami 5 per cent o( 100 or 0.5 gallons per 
cnpltn per dny Is lost through domestic channels. 

Percentage of total water supply of the city returned as 
sewage through Industrial nnd commerelnl cliannols. 23. 

Percentage of total ivnter supply of Uie city returned as 
sewage through domestic channels, GO. 

Gallons per capital per day returned as sewage tlirough 
domestic channels, 190X0.CO=JH. 

Gallons per ncre per dny from Industrial areas tn excess of 
reshlcntlnl domestic contrllnUion, S.OOO. 

Gnllnns per acre per dn.v from commercial areas in excess of 
reifldentlnl .loiiiestic contribution, 33.000. 

The amounts given above are average figures for the 
full 24 hours of the day. Tlie draft of a city on its 
water supply, and consequently the resulting sewage 
flow, is far from uniform, and intercepting sewers 
have to be designed to meet the needs of a maximum 
flow which will at times be much \a excess of the aver- 



age flow. In order to make proper allowance for 
the maximum rate of How, it has been considered that 
wlien the maximum rate occurs in the large intercep- 
tors the flow (!) from domestic sources will be at twice 
the average rate; (2) from industrial and commercial 
sources will be at one and one-half times the average 
rate. 

To illustrate, the maximum rate of flow of sewage at 
a given point has been determined by adding together: 
(1) The product of tlie contributing residential piipu- 
hition and 114X2'; (2) the product of the contribut- 
ing industrial area in acres and 8,000X1-5; (3) the 
product of the contributing commercial area in acres 
and 33,000X1-5; (4) the product of the contributing 
area in acres and 500 or 1,000, according to local 
subsoil conditions. 

In addition to the above the following criteria were 
used in determining tlie size of sewer sections: 

N In the Kutter forrnuln^U.OIS for liriil! iiewers In tunnel, 

N In the Kutter foriuula =0.013 for concrete sewers In opcD- 
cut construction. 

N m the Kiittcr rormuln=^.013 for pliw sewers. 

Minimum nlluwutile velocity under ma si mum -How condltloos, 
2.5 feet per second. 

ftllnlnium nlluwnble velocity under mlnliuum-Bow condltloos, 
l.D feet per second. 

Sewers to flow full under masl mum-flow wndlUons. 

TREATMENT SITES. 

The general layout of the existing sewers, coupled 
with topographical features of the district, suggest 
that any logical plan for interception and treatment 
of sanitary sewnge will involve intercepting sewers 
aproximately parallel to the Detroit liiver and treat- 
ment sites on or near, the Detroit River, Conners 
Creek, or the River Rouge, or below the Kiver Rouge. 
A field inspection developed the fact that there are 
unoccupied areas of suitable extent near the existing 
Fairview Pumping Station and at the intersection of 
Conners Creek and Mack Rond, in the eastern portion 
of the district; at the Fort Wayne Military Reserva- 
tion, and various points along and below the River 
Rouge in the western section. In addition there arc 
small areas suitable for screening treatment at the 
foot of Orleans Street and at the foot of Twenty- 
fourth street, the first being in the eastern and the 
second in the western section. With these sites in 
mind a number of projects have been outlined for 
study, two of which, one involving sedimentation 
treatment and the other involving treatment by fine 
screens, have been adopted for tentative cost studies 
as offering possibilities of satisfactory and economi- 
cal solutions. Detailed cost estimates of these two 
projects have been prepared for presentation. 
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DESCRIPTION OF PBOJECTS. 

Altogether five projects have been considered in 
these studies. AH except project 1 have in comnoon a 
system of intercepting sewera for transporting the 
sewage to one or more treatment plants. Projects 2, 
3, and 4 include treatment provision consisting of grit 
chambers, Imhoff tunics, sludge beds, disinfection, etc., 
and pumping stations where needed, while project 5 
contemplates the use of fine screens instead of sedi- 
mentation tanks. Project 1 differs from the others in 
that it calls for a large number of treatment stations 
ulong the river front and substitutes for the intercept- 
ing sewers a force main, the purpose of which is to 
transport the sludge from settling tanks to a common 
point for digestion and subsequent disposol. 



This project was studied with three objective points 
in mind, namely, the avoidance of extensive inter- 
ceptor construction,, the treating of fresh rather than 
stale sewage, and the avoidance of concentrating large 
quantities of sewage at a few points. Theoretically, 
the plan contemplates a sedimentation tank near the 
end of each sewer outlet. Probably a more practical 
arrangement from economic reasons would include 
provisions for short collecting sewers between nearby 
outlets so that the number of plants might be reduced. 
As suggested above, the plan includes the following 
main features: 

1. Sedimentation tanks with pimips for collecting 
the settled matter at fixed points. 

2. A system of suction pipes for the constant or 
nearly constant removal of the sludge in dilute form, 
probably with 1 or 2 per cent of the total flow. 

3. Pumps for the removal of the sludge. 

4. Force mains to convey the sludge to an outlying 
point or points for digestion and disposal. 

5. Digestion tanks, drying beds, etc 
Although no detailed cost estimates were made, this 

plan was considered carefully and was abandoned for 
the following reasons: 

1. Doubt as to the efficacy of sedimentation devices 
placed in the Sow lines of sewers subject to the vari- 
able submerging influence of river levels. 

2. Doubt as to success in maintaining supporting 
velocities in suction pipes without an unduly compli- 
cated operating schedule. 

3. General undesirability of tearing up the streets 
for extended periods for construction purposes 

4. Increased danger of explosions from gas accu- 
mulations due to mutliplicity of points where such 
occurrence would be possible. 

5. Probability that any saving effected in first cost 
would be overbalanced by the increased operating cost 
which would be entailed by reason of the multiplicity 
of treatment stations. 



Under this project there would be a plant at Fort 
Wayne, which would treat the sewage brought to it 
by a long river front interceptor serving the Grosse 
Point territory, the portion of the city proper below 
Warren Avenue in the east and below Myrtle and 
Otis streets in the west, a short low level interceptor 
serving the Delray and Woodmere sections, ond a 
high level system with a large branch in Otis and 
Myrtle streets, and another in Joy Road. The river 
front and River Rouge interceptors would be at levels 
such that pumping would be required, V>ut the high 
level would discharge by gravity. 

There would also be a plant at Conners Creek and 
Mack Rnad which would treat the sewage brought to 
I it by a main gravity interceptor in the valley of Con- 
ners Creek. This Conners Creek interceptor would 
serve the portion of the Conners Creek watershed 
which is included in the district limits and aboi 
Warren Avenue. It would have two or three snia 
branches to the east and two large ones to the west < 
the creek, one in Warren Avenue and one branchil 
off near the Forest Lawn Cemetery, 

PHOJECT (.— 6EDIH£NTATTON TBEATUENT BELOW THE Ctl 

This project contemplates a plant between the Ti 
Inge of River Rouge and the Detroit River, or betwee 
the villages of River Rouge and Oakwood, or possiblj 
inside the city limits near the point where Jeffersoa 
Avenue crosses the River Rouge. This plant ' 
leceive sewage from a long low-level interceptor alonj 
the river front and, as the district developed, 
some system of interceptors on a higher level whici 
have their general course either parallel to the Detroii 
River or diagonally through the district, diverg' 
from the river as they reached their farthermost 
limits. 



This project calls for treatment plants at Fairview, 
Fort Wayne, and on Conners Creek. The Fairview 
plant would receive sewage from a low-level inter- 
ceptor starting at Orleans Street, shown in profile on 
Plate 7, and an interceptor serving the Grosse Point! 
section which would be provided by transferring tha 
existing storm-water sewer at East Jefferson Avenue 
tb a separate sewer and extending it ns needed to the 
county line. This nrrongement. as suggested elso- 
where, would be accompanied by the gradual abandon- 
ment of the present practice of pumping large volumes 
of storm water at the existing Fairview pumping sta- 
tion. The plant at Fort Wayne would receive sewag» 
from a low-level interceptor along the river front: 
from Biopelle Street, as shown on Plate 5, a low-lev^ 
interceptor serving the Delray and Woodmere 
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tions, termed the River Rouge interceptor, shown in 
profile on Plate 5, and a high-level system with two 
important branch interceptors, one in Myrtle and OtiB 
Streets, shown in profile on Plate 6, and one in Joy 
Road. The last named would discharge to the plant 
by gravity, but the two low-level interceptors would 
require pumping stations to lift the sewage to the 
treatment level. The Conners Creek plant would re- 
ceive sewage from interceptors as described imder 
project 2. 

PROJECT 5.— FINE-SCREENING TREATMENT PI-ANTS AT PAIS- 
VIEW, ORLEANS STREET, TWENTY-FOURTH STBEBT. PORT 
WATNE. AND ROLLIN AND JUNCTION STREETS. 

Thid project caiU for interceptors as described un- 
der project 4, except that the two low-level intercep- 
tors there described would be replaced by six shorter 
lines, which would feed the first four of the above- 
mentioned treatment sites. The 6ne-screening plants 
mentioned are intended to serve the same territory as 
the Fairview and Fort Wayne sedimentation plants 
described under project 4, and additional future treat- 
ment plants could be provided as under project 4 or by 
the establishment of a number of screening stations 
at such points as future developments would indicate 
to be suitable for the purpose. 

RELATIVE ADVANTAGES AND DISADVANTAGES. 

A study of the general features of projects 2, 8, and 
4 reveals that each possesses certain advantages and 
disadvantages which are presented below: 



Advantages with respect to project 3: 

1. GonBiderably less cost In sewer constrncttOD. 

2. Ounsldernbly fresher sewnge to be treated. 
8. CoosJdembly loss 8ewn);e to be pamped, 

4. Less concentration of sewage at oae point 

Disadvantage with respect to project 8: 

There Is no npporeni dlsadvnntuge. unless It be tlmt the 
treDtinenl plants would be located nearer tlie center of i>opu- 
IntloD. This Is believed tn be no ereat <! I xnd vantage In this 
,fllBtrIct 

Advantages with respect to project 4 : 

' L Plants are all located In territory not now of htBb-clasa 
development. 

Disadvantages with respect to project 4: 

1. Gonsldernbly more cost In sewer construction. 

2. Greater conceotrotlon of sewage at one point 
8, Older sewage to be treated. 

4, More pumping; sewage from Qrosse Point would have to 
be pnmpeil twice — once at Fairview and once ot Fort Wnyne. 

FttOJECT a. 

Advantages with respect to projects 2 and 4 : 
1. Sewage would ell be carried below the city for treatment 
Tbts advantage is doubtful on broad considerations, for the 



reason that In any event It would not be removed from prox- 
imity to territory which would soon be occupied by home 
builders. 

Disadvantages with respect to projects 2 and 4: 
L Considerably mure cost In sewer construction. eq>eclallj 
OB compared with project 4. 

2. Older sewage (o be treated. 

3. More sewage to be pumped, 

4. Very great concentration of sewage at one point : ulti- 
mately that of between two and three million people 

PROJECT «. 

Advantages with respect to projects 2 and 3 : 

1. Considerably less coBt In sewer constmction. 

2. Fresher sewage to be treated. 

5. Less sewage to be pumped. 
4. Lees concentration of sewage at any one point 

Disadvantages with respect to project 2 : 

One pinnt In a section which Is of a higher class of develop- 

Disadvantage with respect to project 3: 
Plnnts located nearer the center of population. 



This project possesses the same advantages and 
disadvantages as project 4. 

From a survey of the comparative advantages and 
disadvantages of these projects it becomes apparent 
that projects 4 and 5 present the important and dis- 
tinct advantages of less first cost, less pumping cost, 
leffi concentration of sewoge, and fresher sewage to be 
treated, with only the disadvantage of having treat- 
ment plants located close to residence property; one, 
that at Fairview, being adjacent to a high-class de- 
velopment. This objection is at the most one of degree 
rather than of kind, as it would be extremely expensive 
for this district to select a disposal site or sites so 
situated that they would not soon be approached 
closely by home builders. In fact, this Detroit district 
appears to be a good example of a community where 
the question of sewage treatment should be faced 
squarely and attacked from the viewpoint of planning 
on plant design and operation of such a nature that 
the usual nuisance-producing conditions will be effec- 
tively combated- Projects 4 and 5 have been selected, 
therefore, for detailed study as to cost of construction 
and operation. 

DETAILED DESCRIPTION OF PROJECT L 

Project 4 is outlined in its main features on plate 2 
and consists of three subprojects. Fairview. Fort 
Wayne, and Conners Creek, each focusing at a sepa- 
rate treatment plant. The first two of these only will 
need to be constructed at once in order to provide for 
the needs of the inmiediate future. 
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FAIBVIEW 8UBPROJECT. 



TUe Fnirview subproject contemplntes a treatment 
plant near tlie existing Fairview Sewage Pmnping 
Station, whicli will receive sewage from — 

1. An east low-level interceptor beginning nt Or- 
leans Street and following Franklin Street to Wallier 
Street, thence to East Jefferson Avenue, to Park View 
Avenue, to a proposed pumping station located near 
(lie treatment-plant site, where the sewage will be 
lifted to the treatment leveL This interceptor is 
shown in profile on plate 7. 

2. The existing East Jefferson Avenne sewer, which 
now follows East Jcffei'son Avenne from the point 
marked "A" to the existing Fnirview pumping station. 

The east low-level interceptor described above will 
be required for immediate needs. The East Jefferson 
Avenue sewer is already built, and it is contempUiteU 
that it will eventually be extended alrng the shore of 
Lake St. CInir to the Wnyne Connty line, and have a 
branch extending up the Fox Creek valley; and tliat 
the existing Fairview pumping station will be avail- 
able for pumping the sewage from this district to the 
treatment level. 

It will be necessary in the development of this proj- 
ect to convert the Jefferson Avenue sewer into a sani- 
tary sewer at some future time by the gradual removal 
of stoi-m-water connections. The lack of such conver- 
sion in the immediate future will, however, not inter- 
fere at all with the immediate development, as the 
present sanitary sewage in this sewer can be pumped 
to any tieatment plant at the Fairview site by the 
existing pumping station. 

FORT WATNE SCDPROJECT. 

The Fort Wayne subproject contemplates a treat- 
ment plant located on (he river frontage portion of the 
Fort Wayne Military Keservation, which will receive 
sewage from — 

1. A west low-level interceptor beginning at Rio- 
pelle Street and following Franklin Street to St. 
Antoine, thence to East Jefferson Avenue, to Griswold 
Street, to Fort Street, to West Grand Boulevard, to 
West Jefferson Avenue, to a proposed pumping station 
located near the treatment plant site, where the sewage 
will be lifted to the treatment level. This interceptor 
is sliown in profile on plate 5. 

2. A River Rouge interceptor, beginning at Wood- 
mere Avenue and following Dearborn Avenue to West 
Jefferson Avenue, to the pumping station mentioned 
above. This interceptor is shown in profile on plate 5. 

3. A west high level interceptor, beginning at Can- 
field Avenue and following Russell Street to Willis 
Avenue, thence to John R. Street, to Woodward 
Avenue Terrace, to Parsons Sti-eet, to Cass Avenue, 
to Brainnrd Avenue, to Trumbull, to Myrtle, to Michi- 
gnn Avenue, to Otis Street, to Livernois, to Dix Ave- 



nue, to Artillery Street, to the treatment plnot. This 
interceptor is shown in profile on plate G. 

The west low level, River Rouge, and west high 
level interceptors, as described above, will be required 
for immediate needs. It is contemplated that the 
River Rouge interceptor will ultimately be extended 
to completely serve the westernmost drainage nrea 
sliown on plate 2, and that the west high level system 
will be extended to include n short branch on Desmond 
Street and a large branch up Livernois Street to Joy 
Road, which will serve an area north of Otis Street 
and west of Livernois Street and provide an outlet 
for a higher level interceptor in Joy Road, 

CONNESS CREEK SUBPROJECT. 

The Conners Creek subproject is intended to pro- 
vide for future requiremenls. It contemplates a treat- 
ment plant nt the intei'section of Connei'S Creek and 
Mack Road, which will receive sewage from a main 
interceptor in the valley of Connere Creek. Thu 
Conners Creek interceptor will have two or roon 
branches to the east (which are not shown on plate S 
on account of meagerness of field data) and two larga 
branches to the west which are — 

1. An east high level interceptor beginning at Bcllc- 
vue Avenue and following Ferry Avenue to Field 
Avenue, thence to Canfield Avenue to junction wit! 
the Conners Creek interceptor. 

2. An interceptor termed the Forest Lawn intt 
ceptcr, which will begin as shown on plate 2, near the" 
Wayne County line, and run south parallel to Wood- 
ward Avenue to a point just below the present city 
limits, from whence it will run cast and dischnrgp 
into the Connei-s Creek interceptor near the Fore 
Lawn Cemetery. 

It is contemplated that this subproject will to 4 
that will be subject to a gradual development over ■ 
extended period of years. The fii-st step in siic 
development will be the construction of the east high 
level interceptor for the purpose of relieving the enst 
low level interceptor from crowding, which will occur 
probably sometime between 1!)20 and 1930. 

The scheme presupposes n discharge outlet in the 
form of A storm water drain in the Connei-s Creek 
Valley, which has been suggested elsewhere as a desir- 
able feature in the development of a comprehensive 
drauiage plan for handling storm water run-off. 

CAPACITT or OfTBBCEPTOBfl. 

Table 15 shows the capacities of intercepting sewi 
which are required for present needs, together wi( 
their tributary popidation, the relation between 
estimated average and maximum flow, and the moxi-' 
mum flow per capita. 
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Tabu Na IS. — QMaNly eAoroeMrif Ho* o/ ftUerOBpHiv Mtcer* 
/ MlHmate imelopmmt, Detnit, Mieh. 
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From this table it can be seen that the design os- 
sumptioQ has resulted in liberal per capita allowances. 
Itie question of inclusion of storm flow was considered, 
with the conclusion that the above provisions were 
sufficiently large. The times will be rare when a com- 
bination of conditions will obtain, in the absence of 
storm, that will cause the maximum flow for which 
provision has been made. 

An inspection of the maximum hourly rate of water 
consumption given in table 14, together with the maxi- 
mum rates of sewage flow for which provision has been 
made as shown in table 15, is illustrative of this when 
ctmsideration is taken of the fact that such high hourly 
water-consumption rates occur very infrequently, usu- 
ally only during very hot or very cold weather. It 
follows, therefore, that during most of the time the 
interceptors will be capable of carrying storm water 
in amounts of from 25 per cent to something over 100 
per cent of the average amount of sewage. Table No. 
16 shows the capacity of the interceptors to carry off 
storm water when the average amount of sanitary 
sewage is flowing. 
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An inspection of this table indicates that the inter- 
ceptors will be capable of taking on the average a run- 
off of about 0.01 inch per hour, which is approximately 
equivalent to 0.02 inch per acre per hour precipitation. 



Considering the average absorptive power of a city 
area of the Detroit type, it seems conservative to say 
that on the average at least 0.08, and possibly 0.04 or 
more inch of rain will fall per hour without producing 
appreciable run-off unless the precipitation is con- 
tinued for a long time.- It follows, then, that little or 
no sewage will overflow diversion dams during the 
hours in which not more than 0.04 to 0.05 inch pre- 
cipitation occurs. A study of the rainfall statistics of 
Detroit for 1914, which year is fairly representative of 
average conditions, shows that there were — 

Six hundred and flfty-elght hours In which It rained or 
BDOwed 0.01 Inch or more. 

Four hundred and flft; honrs In which It rolned or snowed 
0.03 inch or mor& 

Three hundred and two hours In which It rained or snowed 
0.08 Inch or more. 

Two hundred and eighteen hours In which It rained or 
snowed 0.04 Inch or more. 

One hundred and flfty-elght hours In which It rolned or 
snowed O.OS Indi or more. 

Seventy hours In which It rained or snowed 0.1 Inch or more; 

Considering this data in connection with the pre- 
vious conclusions, it is evident that there will be little 
or no overflow except during 15S to 218 hours in a 
year; and assuming that all sanitary sewage will over- 
flow during these hours, it follows that there would be 
lost annually from 1.8 to 2.4 per cent of the total sani- 
tary sewage. It seems fairly conservative, in consid- 
eration of the above argument, to say that the inter- 
ceptora as designed will intercept annually all but 
approximately 2 per cent of the sanitary sewage. 
Furthermore, from consideration of the relative vol- 
umes of sanitary and storm-water sewage in time of 
storm, it is evident that the additional expense of pro- 
viding interceptor capacity sufficient to care for any 
great proportion of the above-mentioned 1.8 to 2.4 per 
cent would not be warranted under the existing cir- 
cumstances. 

COST OF CONSTBUCnON NECESSARY TO COLLECT 
AND TREAT THE SEWAGE OF THE PRESENT CTTT, 
PROJECT 4. 

It has been assumed that five jeara' time would be 
consumed before construction could be advanced suffi- 
ciently to place treatment works in readiness for oper- 
ation. Therefore the population on which estimates 
for the ** present city " are based is that expected in 
1920, which, according to the population forecast on 
plate 8, is 950,000. 

Before preparing complete estimates of cost of the 
different parts of the work, the main fundamental 
items such as brick masonry, c<»kcrete masonry, and 
excavation were studied in the light of local condi- 
tions and data, as well as experience in other placea 
In a number of cases quotations on materials and 
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incchnnicnl Cfliiipmcnt were obtained. The following 
unit figures have been used in preparing estimates: 
Brick ninsonry, per cubic rnnl_, 



Cunat-to umsonry. pliiin, iwr cubic yard 5Sto 

CoiHTete ninsonr}', relnfurcetl, iwr cubic yard |12 to 

t'artltloiiD Id Iniliott tanks, per square yard 

Kxcaviiilun In tiiimel, iwr cul>lc yonl 

Exnivatlou In the mnss and In open cut, per cubic 

yard ToccDlsto 

Uppnvlnjt, per square yard 1. 50 

Stiuidnrd castliiKS, per ton ^ 40.00 

Special eu8tltij,*s, iier t«n 100.00 



512.00 
10.00 
14.00 
1.75 
3.H) 

1.30 



COST OP INTEBCEFTOBS. 

The unit prices given above arc for the most part 
in fair accord witli the cost of similar work in miiny 
other localities. An exception which might bo com- 
mented on is that of tunnel excavation, which is con- 
sidcrnbly lower than prices tliat nre often paid for 
tunnel work. The explanation lies in the fact that 
most of the tunnel work is done in u peculiar still clay, 
carrying little water and of such a nature that the 
work can be carried on with practically no timbering. 
It is common local practice to excavate ahead of 
masonry work for one shift and then follow up imme- 
diately with the masonry. In this way it is possible 
to do tunnel work much more cheaply than it can be 
done in most localities. 

The price of $12 per cubic yard used for brick ma- 
sonry is somewhat higher than that usually paid in 
Detroit on sewer work. The higher price has been 
used because for this work it has seemed desirable to 
provide for the use of a better quality brick and better 
workmanship than current local practice requires, 

For convenience in estimating the cost of intercep- 
tors the above units for masonry and excavation were 
used in building up cost figures per linear foot of 
sewers of diiFcrent siws, the average depth of excava- 
tion being used for this purpose in the case of sewers 
to be constructed in open cut. 

Tlie low-level interceptors have been located farther 
back from the river than they might have been for the 
following reasons: 

1, Tlicy can thus be built at a higher elevation, and 
therefore the pumping lift will be reduced. 

2. The number of tide gates required to prevent the 
diversion of river water into the interceptors is thereby 
reduced. 

8. The west low-level interceptor can thus bo kept 
out of the street oi'er which elevated railroad tracks 
run. 

4. They can thus be kept in wider streets, so that 
their cnnstniction will be less likely to cause existing 
buildings to settle. 

5. By being farther from the river, there will be less 
likelihood of enconntcring trouble during construction 
from water and old bulkheads. 



This procedure has made it necessary to include in 
the estimates the cost of small separate collecting sys- 
tems to handle the sewage, which would otherwise bs 
discharged into the main sewers between the river and 
the proposed interceptor lines. 

It was also thought proper to make provision for s 
small collector system below the line of the west Iiigh> 
level interceptor, the piu'pose being to guard ngainat 
very small amounts of sewage being discharged into 
the large existing sewers at points of no fiow inimedi- 
ntely below the interceptor. 

These items appear in the following tables, irhidi 
give the cost estimates of the various Intercepting 
sewers necessary to serve the present city. 

Table No. 17. — Cott of cast low level interceptor, DetnU, 
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Tabu No. IS. — Co*t of Rtvcr ttomfe interaeptor, Detntt, Ifldk. 
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Table Na 21. — Doaf o/ oddtHonal tetoert r 
planl, Detroit, ilfcA. 
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Tabu No. 22. — Bummarj/ of cmI of ^n^ereeptora and appiirftf- 
MRCC4, Defrolt, UfeA. 
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CXIST or PDHPINa glATtXtm. 



The cost of the two pumping stations is bssed on the 
requirements for pumping the capacity flow of the 
east low-level interceptor to the proposed Fairriew 
plant, and the west low-level and Biver Bouge inter- 



ceptors to the propoaed Fort Wayne plant Table 28 
shows these requirements. 



Tabu Na 23.— Pwrnpfof regntraneaft, Detroit, Iffek. 
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■ lUUkBplkupcrdv- 

In selecting equipment for the pumping stations 
and hence in detenniniug upon the size of buildings, 
it has been assumed that use con be made of the local 
commercial production of electric power. No pro- 
vision has been made, therefore, for the installation 
of a steam plant. Decision on this point rested on the 
grounds that the Detroit Edison Co. operates two very 
large centml stations so well fortified that they have 
never yet failed to supply service. 

With the above basis as a starting point, pumping 
equipment was selected and the size of buildings nec- 
essary for its housing determined, space being in- 
cluded for coarse screens and grit chambers suitable 
for tlie removal of heavy griL The cost of buildings 
was estimated at 2S cents per cubic foot, including 
both substructure and superstructure. The cost of 
equipment was determined from prices of centrifugal 
pumps, motors, and other important items obtained 
from manufacturers. Table 24 shows the resulting 
figures, which include an allowance of 15 per cent to 
cover engineering and contingencies. 

Tabu No> 24. — Cott of fwmpfiv alattont, Detroit, JTML, 
proleet t. lOtO. 
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COST or TBKAIIIBNT rUHTS. 

In estimating the cost of treatment plants the fol- 
lowing items were considered separately : Imhoff 
tanks, including inflowing and outflowing channels; 
grit chambers; sludge drying beds; disinfection plant 

Zmholf ttnk% eto. — These were proportioned on the 
basis of a sedimentation period of two hours, when 
the rate of flow equals 125 per cent of the average 
rate of flow, and storage room for sludge of 2 cubic 
feet per tributary person. The size of unit selected 
is shown, with general dimensions, on Plate 4, and 
provides for the handling of 1.93 million gallons per 
day. For cimvenience in estimating, a unit cost per 
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Unk, inelDding dunnnlit and •pportaiances, wu pr»- 
parad, which, with ui allowuce of 15 per cent for 
engineering and ccntingeneies, is $15,S41. This cast 
figara was bued <m ■ nurey of quendtics, the most 
t of which are: 



Concre te of tbe daa of $12 per cnbl£ jai^ 8C coble juOm. 
Ooocrete of tbe daa of $14 per enblc Tard, C6 cdMc yardi. 
Pardtloo wmlla, 290 eqiiare Tarde. 
Exearatlan, SSIO caUc 7Brd>> 

Orit ehanben tad eoane lereeBi. — The cost of suit- 
able grit chimbeis ia a relatively small percentage of 
the total cost of a treatment works, and no detailed 
study was made of this item. The estimate of its cost 
was made by making an allowance of 5 cents per 
tributary person, this figure having been arrived at 
from a review of published information regarding 
existing plants. 

Sludge beds. — On account of the climatic diancteris- 
tics of the district, it was deemed advisable to make 
estimates of sludge drying beds on the assumption 
that they should be covered with a glass roof to pro- 
tect the sludge from rewetting by rain after it bad 
been discharged onto the beds. The area of sludge 
drying beds required was based on a load of six per- 
sons per square foot of net drying bed area. Prices 
of wire glass were obtained for use as a basis of esti- 
mating the cost of covering, and an estimate was also 
made for the installation of a mechanical plant to 
asrast in removing dried sludge from the beds. The 
itemized estimate of cost per square foot of sludge bed 
follows: 



Ucdtanlcal plant-. 



IB per cent ft 
TotaU- 



' ■intnrnirlni and cooUiicmcln.. 



DisisfaetioB plaats. — Inaamncli as qwdal 
tanks are not needed fw a diainfectioa 
detention is already provided for the porpoae (rf 
mentation, the cost of construction for diainfeetkB ii 
only that required for bleach storage and 
This was estimated at $600 per million gallona p« 
day. The figure was derived from a table 
by Earle D. Phelps in a paper, " Sewage pa 
its theory and present-day practice," read befon At 
Engineers' Society of Philadelphia in 1910. 

Speeial proniioni to guard agaiast objeattao 
cte. — It is believed that present-day practice in At 
design and operation of sedimentation tanks has wi- 
vanced to a stage of development such that it is fm- 
sible to install plants of ordinary size so that Ihy 
will create little or no offense to the auises. at laK 
when dealing with sewage under favorable rmiililii 
It should be observed, however, that the plants p» 
posed under this project are of rather unnsoal mt, 
and are located in close proximity to residential A 
tricts. The last observation ia particularly xmpcHtM 
in regard to tbe Fairview plant. It has been deeoii 
wise, therefore, to include in the estimates an item li 
cover rather elaborate provision to pre^nt a posBlih 
development of nuisance conditions; to guard agaiirt 
explosion of gasoline vapors which are prevalent ti 
an unusual degree in Detivit sewers, and for parldig 
about the treatment plants. This has been done Iv 
estimating tbe cost of covering tbe tanks and oa- 
stnicting a high wall around them, allowances baiif 
added to cover provisions for ventilation and treat- 
ment of gases, and for landscape gardening. Whethc 
all of this expense will prove to be necessary or not, 
can not well be determined with certainty in advanea 
Decision on this point should rest on tbe results el 
actual operation. 

Table 25 gives the cost of treatment plants at Pair- 
view and Fort Wayne for a total population of 
960,000. 
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COST or MSCBABOB OONDOITS. 

In estimating the cost of this item it was considered 
advisable to provide for the discharge of the plant 
effluent at different points in the cross section of the 
river. The construction of conduits for this purpose 
will be expensive oa account of the general nature of 



the work, which will require elaborate and costly plant 
equipment, and will be attended by various difficultieB 
in overcoming the natural forces at work in the river. 
Tbe cost of the work has been estimated on the basis 
of $200 per foot of discharge conduit, with an allow- 
ance of 1,000 feet of conduit at the Fairview plant sad 
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an eqaol amoont it the Fort Wayne plant This pro- 
TiBion, therefore, amounta to $400,000. 

COST OF LAND FOB TBKATItKNT HTBa. 

It has been assumed that the Fort Wayne Military 
Beserration can be secured by cession from the United 
States Qovemment to form a portion of the system of 
parks maintained by the city, and that a portion of 
this tract could be used for the purpose of aeivage 
treatment 

Land would have to be purchased for the Fairriew 
site, and as this location is in a section of high land 
Tolues the high value of $10,000 per acre has been used. 
The plant requirements call for about 17 acres, which 
would on this basis cost $080,000. 

COST OF OPERATION AND MAINTENANCE TO TREAT 
THE SEWAGE OF TH£ PRESENT CITY, PROJECT t. 

INTEBCSPTORS. 

There appears to be no reason why any large amount 
of money would be required for the proper operation 
of interceptors. The most of any such expense would 
be in connection with inspection ond adjustment of 
appurtenant devices, sucli as regulating chambers and 
tide gate& It is believed that $5,000 per year is an 
ample amount for this purpose, and tliis figure has 
accordingly been used. 

rDHPfMO STAnONB JUn> OUT CWAMBEKS ACOOHPAHTINa 
TBBU. 

The cost of pumping is made up of two principal 
parts, attendance and power, supplies, etc. In esti- 



mating the cost of attendance, allowance has been 
made for competent operating engineers and oilers 
being on duty at all times, with a further allowance 
for ordinary labor. The power cost has been figured 
from the estimated figures for volume of sewage and 
lift required, and a current cost of 1 cent per kilowatt. 
A lump-sum es^mate has been included to cover the 
cost of supplies such as oil, waste, etc. Table 26 shows 
these cost figures itemized as to pumping stations and 
main subitems. 

Tina No. 26. — Coat of pmnphiff ttatUm operation, DetroU, 
J/ioA., proicct 4, lOtO. 
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The operating cost of the treatment works has been 
built up of three main items, namely, general super- 
intendence and labor for tank operation (laboratory 
help included), removal of sludge and grit, and diain- 
fection. The figures are shown in Table 27. 
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COST OF CONSTRUCnON. OPKRATION. AMD HAIN- 
TENANCB NECESSABT TO CX)LLBCT AND TREAT 
THE SEWAGE OF THE PRESENT OTT, PROJECT i. 



The eoct of interceptors is given in Tables 29 to S8. 
tnclnnvfl, and Hummarized in Table 84. 



Tabu Na 29. — Coit of tntenoplor terved btt th« Falrvl9» 
plant, Dotrott, iliek^ project S, IMO. 
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TuiLX No. 80.— Coal of inleneptori lervta fiy the Orleans 
Street plant, Detroit, J/fdk, profeel 9, tOtO. 




Tabu Noi 8L — Ooet of intercepton eerved by the Twenty 
fourth Street plant, Detroit, Utch., project S, lOtO. 
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TAn« No. IT— Ooct •/ tmteroeplon mrve* b§ the t 

tUnt. Detroit, if ML, projeet S. IBU. 



Tabu No. 8S. — Ooet of Imteroeptor and ontfaU aomstf fty ptaBt 

St intereeoHon of Rotttni and Jnnetion BtreetM. Dalratt 
MliOL, projeet 5, 19U. 



Tabu No. S*. B nmmary of coet of intenepton, Detroit, J(ML 
project S, jno. 
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con or FUMpnto stations ahd tsbatmkht rLAKia. 

Tables 8D, 86, and 87 show the eost of pumping 
stations, including grit chambers, screening stations, 
and disinfection plants, respectively, the first two 
bong subdivided to show the cost of buildings and 
machinery separately. 

Tabu No. SB. — Ooet of pumptng atsHoM, DetnM, tttelL, 
project S, IStO. 
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Estitnttes of the cost of Bcreeiu have been based on 
data supplied by the mnnafacturers of the Riensch- 
Wurl fine screen, the sizes being selected so that with 
one unit out of service the other units may be sub- 
jected to an overload of not more than 50 per cent. 

Allowance has been made for an incinerator at each 
plant to bum the screenings. 

Tabu Na 86. — Oott of fine teremiaff plantt, Detroit, Mteh.. 
profeet S, lUO. 
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Tuix Na ST.— Coat of MatmfeeUom ptmt§, DvtroU, Uioh,, 
profixt S, ino. 
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I nqulndi Mwir mad br Ihb pnrpoM. 
COST OF OPEBATION AND HASfrBNAKCS. 

In making estimates of operating cost, the pumping 
and screening stations at each plant have been consid- 
ered as a unit. Table 88 shows this cost, which has 
been built up from the same general items that were 
considered under project 4 : 



Tabu Na SS. — iSitmflMry of oovt of opontkm and malnleiiaiioe; Detroit, Ifloft., proieet S, 18tO. 
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It has been considered that on account of the greater 
number of treatment plants, discharge conduits under 
this project would cost more than under project 4. 
An increase of 25 per cent has been allowed, giving a 
total for this project of $500,000. 



The land required is estimated to be about 7 acres, 
divided btfween the Fairview, Orleans Street, Twenty- 
fourth Street, and Rollins and Junction Street plants. 
At $10,000 per acre this amounts to $280,000. 

SUHHAHT OP COSTS OF PROJECTS 4 AND B FOB 
THE PRESENT CTTT. 

For tbe purpose of summarizing the costs of proj- 
ects 4 and 5, the ctmstruction cost figures presented in 



the foregoing tables have been brought together in 
Tables 39 and 41, which show the first cost of all items 
connected with the various treatment plants under 
consideration, and also the annual fixed charges which 
this construction would entail. In Tables 40 and 43 
the annual fixed charges which appeared in Tables 89 
and 41, respectively, have been combined with the esti- 
mated operation and maintenance charges for the re- 
spective projects and reduced to the form of total an- 
nual charges, which is also expressed in terms of the 
amount of sewage and the population served. 

COUPARISON OF COSTS OF SEDIMENTATION AND 
SCREENING TREATMENTS. 

An inspection of these tables indicates that although 
the cost of interceptors is less for project 5 than for 
project 4, this saving is more than counterbalanced 
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Tails Na Sa— nrtl eott and miwiiI jtved ehartet, Dttntt, 
Iflch., proieot ^, avdlmentatton—OSOfiOOpopulatUm in lOte. 
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Tabu Na 40.— ^nmikiI chargm, Detroit, UicK, prolect 4. »cM- 
mentaUon— Designed for iat.7 U. O. D. from OSOfiOO popula- 
Mm i» i»0. 
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Tabu No. 41. — Firet cut and annnal /teed ekatyM, Detrall, 
1/icIi., pnfect 5, fine eerema—lfSOfiOO popitlation in IJKO. 
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Tabu Noi 42.— ilnnwil ctutrgce, Detroit, Uich,, profeot S, jfne 
tereena—Dea^pted for ia.7 it. O. D. from 950,000 poputatUm 
t» lOtO. 



O^pp. 


TotaL 


PwmmioD 


Fvoiplta. 




(US, on 

iBi.ai 


4.93 




OpMMlMlUdB 












•a, 411 


"" 









by the cost of expensive machinery and the ina 
cost of operation. The last is of course due largely to 
the miilti plication of plants and the additional amoaiU 
of disinfection necessary to treat screened sen-oge otct 
that required for settled sennge. It would appear from 
the figures given that tlie sedimentation process is 
much to be preferred solely on the grounds of cost. It 
should be pointed out, however, that these figures an 
based on conditions that are expected to obtain in ths 
near future, and tlmt in order to properly weigli the 
merits of the two projects, conditions of ultimate 
development should also be considered. It is obvious 
that regardless of the estimated average sewage flow 
for 1020, the interceptors will deliver tlie capacity 
flow during times of storm, and inasmiicli as tiw 
screening machinery has been selected on the bust 4>f 
cnpocity flow, it follows that the treatment installatioii 
for project 5 will not need to be increased o very great 
amount in order that it may be suflicicnt to handle the 
much larger average flow which will obtain after the 
ultimate development of the territory served. With- 
out going into detnil, the first cost and ultimate annnal 
fixed charges have been shown in Tables 4S and 47 for 
the same treatment plants that were considered is 
Tables SO and 41. These include the cost of the Joj 
Boad interceptor and the River Boiige interceptor ex- 
tension, which appear in Tables 43 and 44, and hare 
been combined as before, with the operation charges, 
to show total ultimate annual charges, in Tables 48 
and 48. 

Taiilb No. 4S. — Oo$t of Jotf Road interceptor, Detroit, Jfleft. 
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Tabu Na 4IL~^tnt Mtt m>4 jtootf elitrge$, 
WainM »edbmaUaUan plantt, at period of 
mmt, DetroU, Hick. 
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Tabuc No. 46. — Annual charget, DetroU. Hick., F(Urvieu), and 
Fart Wttj/ne tedimentation plantt at period of ultimate 
ievelopmmt—Deiii/ned for SJi U. O. D. from l,7tDfiOO 
populatton. 



Owrsi. 


Total. 


-ssr 


Par capita. 




MW.OBB 

ttyott 






OpMUaDWdB 












7B7,m 











I'AKUC No. 47. — F(r»( cott and annual /tretf charget, DetroU, 
if left. — Screening planft at Fairview, Orleani Street, 
Twentjffoiirth Street, and Rolling and Junction Street*, at 
period of ultimate development. 
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Table No. 48. — Annuat charget, Detroit, Mich. — Screening 
plantt at Fairview, Orleant Street, Tujentg-fovrth Street, 
and RoUint and Junction Streett, at period of ultimate do- 
velnpmtent—Detigned for SH M. O. D. from I,n9fi00 popih 
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It will be seen from the figures given in these tables 
that project 4, sedimentation and disinfection treat- 



ment, is more ectmomieal than project 6, fine screening 
and disinfection treatment, and it is therefore reo- 
oromended as presenting the most satisfactory aolu- 
tion of the seiverage and sewage treatment problems 
of this district. Project 5 is recommended as an al- 
t<.rnative in case future developments make it appear 
the more desirable. 

OIST OF PROJECT 4 FOB ULTIMATE DEVELOFHENT 
OF THE HETROPOLITAN DISTRICT. 

It should be noted that in the cost figures presented 
above the Conners Creek subproject, described on 
page 88, has been left entirely out of consideration. 
This has been done for the reason that, on account 
of the meagemess of fixed date available, it was im- 
possible to make cost estimates for this project on as 
high a plane of accuracy as those for the rest of the 
district Figures have been prepared, however, which, 
though approximate, merit consideration for tiie pur- 
pose of estimating the total cost of project 4 under 
conditions of ultimate development. These are pre- 
sented in Tables 49 and 60, and again in Tables 51 and 
5'2, in combination with figures already given In previ- 
ous tables. 

Table Na 49. — Cott of Conner* Creek and Forett Lawn Inter- 
ceptor*, DetroU, ilich. 
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Tabu No. EQ.— Coit o/ treatment ptant$, Detroit, J/lcA., profcct 
4. af period of Mttmate development. 
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Tahlb No. 63.— PInf eot and mmMf )IM< oftsryM, iJflfnIt 

J/ltdL, projecf 4, al portod o/ ultimate devOopmCMt. 
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Tabu No. 04.— Jnntiol cAor^cf, Dclrolt, Uieh.. project i* 
period of ulllmate Oevelopmmt—Detlened for iOJ 1/, O. D. 
from t,C31fiS0 populatUm. 
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DETROIT, MICH. 
INTERCEPTOR PROFILES 



SCALES 
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POLLUTION OF BOUNDAEY WATERS. 



B. — Oott for Wlndtor dUtriot, Ontario — 110,000 
population. 
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Table 59 shows the annual charge which results from 
the above estimate, and the cost of operation, which is 
estimated at $25,000 per year for labor and materials. 

Tabix No. 59. — Firtt cost and anmial charge*, Windsor ditlrict, 
Ontario — 1 J 0.000 population. 
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It should be noted that the items for collection sys- 
tem in Ford City have been disregarded in the prep- 
aration of Tables 57 and 59. This has been done 
because this cost is not considered as incidental to 
the installation of the treatment plant. 

Aoknowledgfmetit. — The kind cooperation of Mr. 
M. E. Brian, city engineer of Windsor; Mr. Charles 
Montreuil, mayor of Ford City; Mr. Owen McKay, 
engineer for Ford City, Walkerville, and Sandwich; 
and Mr. J. J. Newman, civil engineer, Windsor, On- 
tario, was of great assistance in the studies undertaken 
for the Windsor district. 
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PORT HURON, MICH. 

Port Huron, Mich., is situated on the St. 
River at its source, the northern portion bein^, 
fact, above the source of the river, on the shore of 
Lake Huron. Black River, a tributary of the St. 
Clair Ri\er, divides the city into two parts of ap- 
proximately equal area, There is so much territory 
included within the corporate limits of the city 
which is at present absolutely undeveloped that there 
is little doubt as to the ability of the city to accom- 
modate future growth for a great number of years 
without annexing outlying territory. The city is a 
distributing point for a growing agricultural section 
and is entered by the Pere Marquette and Grand 
Trunk Railroads, the latter connecting with the East 
by way of Canada through a tunnel under the St 
Clair River. There is also an interurban electric li» 
which connects with Detroit and intervening towm 
and a ferry line which makes frequent trips acroa 
the river to Samia. Railroad activities have been im- 
portant in the past, and, though reduced in recent 
years, promise to revive somewhat. There is a fair 
amount of manufacturing— flourmills, foundries, agri- 
cultural implement, automobile, and rug factories, and 
breweries, representing the main lines of endeavor in 
this direction. The topography is characteristic of the 
district, providing easy slopes, though some parts of 
the city are higher above the water than many com- 
munities on the Michigan side. 

The sewers are all of the combined type, with out- 
lets located at levels approximately corresponding to 
normal river stages. 

There are 14 outlets, 6 of which discharge into the 
Black River. The other 8 discharge into the St. 
Clair at points distributed over a distance of more 
than 4 miles. 

The population was 13,543 in 1890, 19,158 in 1900, 
and 18,863 in 1910, the decrease being due in part, if 
not entirely, to the removal of the car shops of the 
Grand Trunk Railroad. The present population is 
estimated to be between 18,000 and 20,000, and as 
preparations are under way to move the car shops 
back it can reasonably be expected that there will be 
a moderate increase in future years. 

It has been assumed in this investigation that pres- 
ent treatment plant construction should be based on 
a population of 25,000, and that the interceptors 
should provide for a population of 40,000. 

The water consumption is very high, about 366 
gallons per capita per day, and after making proper 
allowance for water used by railroads and naana- 
facturing there still remains about 250 gallons per 
cupita per day for domestice use and waste. Investi- 
gations made by the city engineer indicate that the 
waste is excessive, and he concurs in the belief that 
it may reasonably be expected to be reduced to a 
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large extent. In fact, meter records have been made 
which indicate an actual domestic consumption of 
less than 50 gallons per capita per day. A daily per 
capita consumption of 125 gallons has therefore been 
taken as a reasonable average on which to base the 
studies of this investigation. 

In fixing the size of interceptors it has been assumed 
that the tributary areas will be built up to an average 
density of 20 persons per acre ; that the portion of the 
city between Black River and Lincoln Street will re- 
turn to the sewers 120 gallons per capita per day, and 
that the remainder of the city will return 80 gallons 
per capita per day. The higher figure is used for the 
central portion of the city to cover the allowance for 
commercial and manufacturing consumption, it being 
difficult in this case to delimit areas sufficiently typical 
for the purpose of covering the additional consump- 
tion from these sources. An allowance of from 500 to 
1,500 gallons per acre has been made for ground water, 
accordiiig to local subsoil conditions. A search for 
sites suitable for treatment works disclosed the fact 
that there are none along the St. Clair River which 
would not require excessive pumping. There are two. 
liowever, one on each side of the Black River a short 
distance below the Pere Marquette Railroad, which 
oifer attractive possil)ilities, and interceptor studies 
have centered around these. Investigation finally in- 
dicated the site on the south side of Black River near 
Short Street to be the more favorable of the two. The 
interceptors to this site are shorter and somewhat 
shallower at the lower end, and less pumping is re- 
quired. Furthermore, the outfall from the treatment 
plant to the St. Clare River can be made shorter and 
can be constructed without interference with existing 
sewers, such as would result if the plant were located 
on the north side. Plate 12 shows the interceptor 
layout which has been adopted. It consists of two 
main systems, one south and one north of the Black 
River. The main part of the south system, shown in 
profile on plate 13, begins at Tenth and Beard Streets 
and follows Beard Street to Military Street, thence to 
the railroad tracks, which it follows to Griswold 
Street. It then follows Griswold Street to Fourth 
■Street, to the automatic pumping station at Fourth 
and Court Streets, where it has been planned to lift 
the sewage. The interceptor then continues along 
Fourth Street to Water Street, to the treatment plant. 
There is also a short line which follows Water Street 
from Fourteenth Street to the treatment plant. 

The north side system is composed of thre« lines, 
which center at the automatic pumping station at 
Park and River Streets. The north branch, shown in 
profile on plate 14, follows Lincoln and Willow Streets 
from the Waterworks Park. The west branch, shown 
in profile on plate 13, follows River Street through 
its entire length from Tenth Street. The east branch, 
shown in profile on plate 14, is formed by the junc- 



tion of two subsidiary branches in Merchant Street, 
and follows Samia Street to Michigan Street, thence 
to Quay Street, to Erie Street, to River Street, to the 
pumping station, where the sewage from the north 
and east branches will be pumped to the level of the 
west branch and discharged by a siphon under the 
river into the south side interceptor in Water Street 
at its intersection with Skinner Street. By ha\ing the 
treatment plan located on the south side of Black 
River, with the above-described arrangement of inter- 
ceptors, nearly 70 per cent of the ultimate sewage wih 
need to be pumped only a few feet. 

As previously mentioned, there are large undevel- 
oped areas within the city limits, and some of these 
will probably remain in an undeveloped state for many 
years. The interceptors have been planned to provide 
for what seems t" be u reasonable dcvelopuieiit. It 
has been considered that all existing c'iml>ined sewers 
will remain such, except that in Beard Street west of 
Sixteenth Street. 

The area west of Sixteenth Street is undexeloped at 
present, and this should be sewered under a separate 
system plan. A future trunk collector has been pro- 
\'ided at Twentieth Street to convey the sanitary sew- 
age of this district to the existing 33 by 50 inch sewer 
in Howard and Sixteenth Streets. 

The interceptor in Water Street from Skinner Street 
to the treatment plant has been figured large enough 
to take the sewage from ihis area. 

The undeveloped area in the northern portion of the 
city should also be sewered on a separate plan, and 
the storm water discharged into Lake Huron, the St. 
Clair River, or Black River, The sanitary sewage 
.should be collected at souk- convenient central point 
and pumped into the existing combined system. Pro- 
vision has been made in the capacity of the inter- 
ceptors in River and Water Streets for a reasonable 
growth in this district. The interceptor in Water 
Street has been designed of sufficient capacity to take 
the sewage from both the northern section and the 
section west of Sixteenth Sti-eet which was refen'ed to 
above. 

Tlie plan described above takes no cognizance of 
the development at the extreme southern end of the 
city known as South Park. This section was elimi- 
nated from this plant in order to obviate the neces- 
sity for the very long interceptor line which would 
be required were it included. There are a relatively 
small number of people in South Park at the present 
time, and probably will not be many more for some 
years to come. It has been considered best that this 
community be served by a small local treatment plant 
which might in later years be enlarged to accommo- 
date the undeveloped area south of Beard Street in 
case this territory should be built up for residential 
purposes. 
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There has been provided, and shown on Plato 12, an 
outfall sewer from the main treatment works which 
crosses under the Black Biver and follows Stanton 
Street to the St Clair Biver. This outfall has been 
included because there is a reasonable doubt as to the 
ability of the Black Biver to absorb the treatment 
plant effluent without attendant nuisance. Practi- 
cally, in developing the project and putting it on a 
working basis, there would be no objection to omitting 
the outfall sewer at the start, in order that the urgency 
of its need might be determined. No construction 
should be undertaken, however, that would prevent 
the possibility of its ultimate inclusion in the project. 

Two cost estimates are presented herewith, one based 
on a population of 26,000, which may be expected 
within the next few years, and the other designed to 
meet the needs of the more distant future, with a 
population of 40,000. The estimates for interceptors 
are the same in each case, being based upon the larger 
future population. 

Tabu No. 80. — Coit for Port Huron, Uich.—tS.OOO population. 
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The cost of operation has been based on the assump- 
tion that the pumping stations will be, so far as 
possible, operated automatically, and therefore re- 
quire only a minimum of attention. On this basis 
the combined operation coat of the treatment plant 



per year for labor and materials. 

Table 61 shows the annual charge which read^ 
from the estimates given above. 
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bigher than the river. Railroad facilities are pro- 
vided by the Michigan Central and an interurban 
electric line which connects with Detroit, Port Huron, 
and other river cities. 

Table No. 65.—Ftr»t co»t ond annual charges for i'aniia. 
Ontario — 16,000 population. 
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There are 12 sewer outlets which discharge at about 
the normal river stage, 6 into the Pine River and 6 
into the St, Clair. Two of the latter discharge above 
the waterworks intake. 

The population has remained nearly stationary for 
the last '25 years, ranging from 2,350 in 1890 to about 
2.600 at the present time. Tht-re seems to be no reason 
to expect an increased rate of growth in the future, 
and it has been considered ample for the purpose of 
this investigation to provide treatment-plant capacity 
for 3,000 persons, and interceptor capacity for 3,500 



The wate^wo^ks records indicate an average con- 
sumption of about 200 gallons per capita per day. 
The records appear to be fairly good, and if accurate 
they obviously show that there is excessive waste, 
probably due in large measure to leaky mains and to 
lawn sprinkling in the summer time. 

In calculating the size of interceptors it has been 
assumed that each person would contribute 80 gallons 
per day, and an additional allowance has been made 
for ground water at the rate of 1,000 gallons per 
acre per day. It has been considered that the future 
city will cover 270 acres, with popul;ition density of 
13 per acre, which is only slightly less tliJin the present 
density of a typical section in the central part of the 
city. 

Three possible sites for a treatment plant woi" 
studied. One of them, located down the river fioin 
the city, was abandoned without detailed study be- 
cause it obviously required an unduly expensive in- 
terceptor line. Another, located on the west side of 
the Pine River, was studied in detail, but found to 
require a more expensive system of interceptors than 
the site east of the Pine River, which is indicated on 
plate 16. 



The interceptors which have been laid out to con- 1 
vey the sewage to a pumping station at this site i 
three in number, and are also shown on plate 
The two most important of these, shown in profi] 
on plate 17. are on the north side, and the third, i 
very small one, is on the south side of Pine Riva 
The largest and longest line begins at Vine Str« 
and follows Riverside Avenue to Clinton Street, 
Fourth Street, where it is joined by a shorter '. 
which begins at Juliet Street and follows Sixth S 
to Cedar Street, to Fifth Street, to Clinton Street, i 
Fourth Street. From this point the course is 
Fourth Street to the river, where an imderwet^ 
crossing is provided to carry the sewage under ( 
river to the pumping station. The third line od ) 
south side of the river is to divert the sewage io t 
existing Riverside Avenue sewer directly to the pum 
ing station. The treatment plant, though located a 
the Pine River, which is quite sluggish at certain a 
sons of the year, is not far from the St. Clair Rivtt, 
and it has been considered sufficient to provide ior tUe 
discharge of the treatment plant effluent directly iflto 
the Pine River, The estimated cost of this project is 
presented herewith as follows, and includes the cojt 
of a separate sludge digestion tank, not shown on tile 
plate : 
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on such meager data. The cost of a tank for separate 
sludge digestion, not shown on the plates, is included. 

Unfortunately, there is no electric current avuilahle 
in Marine City escept during the night when the mu- 
nicipal lighting plant is in service, and this state of 
affairs seriously affects any plans for the installation of 
automatic pumping stations. It has been considered 
that a small generating set might be erected in the 
waterworks pumping station and operated by the engi- 
neers of that station so that current might he available 
at all times. On this basis the operation cost for labor 
and materials has been estimated at $1,700 per year. 

Table 69 shows the annual charge which results from 
the estimates given above. 
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Acknowledgment. — The data obtained at Marine 
City was made available by the courtesy of the mayor, 
Mr. G. W. Becker. 

ALGONAC, MICH. 

The city of Aigonac, Mich,, is located on the St. 
Clair River just along the main portion of the delta 
which forms the St. Clair Flats. It can hardly be 
classed as a sewered city, there being at present only 
three sewer outlets serving about 80 houses. 

The normal year round population of Aigonac has 
remained practically stationary at 1,200 for the past 
15 years, but is augmented in the summer to between 
2,500 and 3,000 persons. There are three manufactur- 
ing plants producing motor boats, sashes and doors, 
ond cement blocks. Owing to the proximity of the 
city to the rapidly expanding Detroit district, it seems 
probable that there will be a gradual increase of nor- 
mal population and a more rapid growth of the addi- 
tional summer population. The interceptor plan has 
been designed for a population of 2,400, which it is 
believed will provide for reasonable growth for many 
yeara, and also for the small amount of additional 
sewage contributed by quite a large summer colony. 
The treatment-plant provision is for 1,700 persons. 

The water records are inadequate, but seem to in- 
dicate an average daily per capita consumption of 
about 100 gallons. 



The present city contains 107 acres, and the popu- 
lation density, based on the normal population, is 
11 persons per acre. This is quite low, but is in. 
creased materially in the summer time. 

The interceptor has been designed on the basis of 
15 persons per acre, and an assumed future acreage of 
160, with a sewage contribution of 80 gallons pet 
capita per day, and a further allowance of 1,000 gal- 
lons per acre for ground water. As shown on plate 
19, and in profile on plate 20, this interceptor begins 
at Mill Street and follows Water Street to Libertr 
Street, thence to Michigan Street, to a pumping sta. 
tion at the proposed treatment plant south of the ci^. 
A short outfall will be required to cari-y the effluent 
to the St. Clair River. 

The estimated cost of the project is presented bere- 
with as follows, and includes the cost of a septnto 
sludge digestion tank not shown on the plates. 

Table No. 70. — Coit for Aigonac, Mich. — J.700 populattm. 
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Table 71 shows the annual charge which results 
from the estimates given above. 



Table No. 71. — First mst and annual charge* for Alfi 
Mich. — 1,700 population. 
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The cost of the pumping station is increased by &fl 
fact that there is no electric current available in 
Aigonac except at night, when the municipal power 
plant is in operation. Provision has therefore been 
made for a gasoline engine to supply power in the 
daytime, with the intention that the station be oper- 
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Tabls No. 78.— Co«I for Ford City, Mich.— 5,000 population. 
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Table No. 7fi. — Firtt cost and annual charget for Ford Cily, 
Mich. — 5,000 population. 
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Aoknowled^eat. — Maps and sewerage data for 
Ford City were obtained through the kindness of Mr. 
Mason L. Brown, civil engineer, Detroit. Mich. 

WYANDOTTE, MICH. 

The city of Wyandotte, Mich., is situated on the 
Detroit River just below and immediately adjacent 
to the village of Ford City. Like most of the Detroit 
River towns on the Michigan side, it is flat and low. 
It is a thriving city, the principal manufacturing in- 
dustry being represented by the Michigan Alkali Co.'s 
plant No. 1, which employs a large number of men. 
There is connection with Detroit by means of the 
Michigan Central and Lake Shore & Michigan South- 
ern Railroads, and two electric lines. 

The population was 3,000 in 1890, 5,200 in 1900, and 
8,300 in 1910, and is estimated to be about 10,000 
at present. From this record of growth and the prob- 
ability of an overflow population from Detroit, it 
would seem wise to provide interceptor capacity for 
a future population of about 30,000, and this number 
of people has been assumed as distributed over the 
1.120 acres contained within the city limits, as follows: 



On the area west of the railroad right of way, 4 
is only sparsely settled at present and not sewered,! 
persons to the acre. 

On the area west of the railroads and north c 
Maple Street, 30 persons per acre. 

The available water records cover only the perio 
since February, 1914, but are sufficiently detailed an 
seem sufficiently reliable to indicate with a fair degre 
of certainty that the amount consumed per capit 
daily is about 130 gallons. It has been considem 
that this may be increased to 150 gallons ^th tb 
growth of the city, and that the sewage contribatico 
including that from domestic, commercial, and nuna- 
facturing sources will amount to 120 gallom pet 
capita per day. This quantity, with a furtheriltow- 
ance for ground water of 1,000 gallons per scniMr 
day, has been used. 

The existing sewerage system has four poioltf 
outlet, the most important being in Chestnut S/ai. 
where two 48-inch sewers discharge about dm- 
fourths of the sewage of the present city. Then it 
no river front property which seems to be availilik 
tor a treatment site in the lower part of the citj.f 
that any attempt to establish a treatment planll 
that section would involve a long outfall line. I 
view of this and the fact that most of the sewagti 
discharged in the upper or northern section ofi 
city it has been considered advisable from the eUst 
point of economy to plan on bringing the snd 
amount of sewage from the lower portion of the 0^ 
up to the Chestnut Street outlets instead of followis 
the usual procedure of carrying all the drainage doit 
stream. Fortunately there is ample land avaiUili 
for a treatment plant, and, although it is near a go« 
residence district, no objectionable conditions shoal' 
arise from a properly designed and operated plu 
so located. 

The interceptor as shown on plate 27 and in pioS 
on plate 28 begins at Vassar Street and follows Biddl 
Avenue to Orange Street, thence to Vanalstyne Boid 
vard, to a pumping station at the treatment-plant a( 
Tlie sewage in the sewers in Chestnut Street naig^tt 
allowed to flow through the plant by gravity, but tha 
sewers are now at such a level that ordinary velociti 
in them are very low, and as the additional head loss 
incident to the treatment plant will make them lowi 
still, and also cause settling velocities in influent cha 
nels to settling tanks, it would be better from an a 
erating standpoint to pump this sewage a few fe 
also. Estimates have been made on this basis. It w; 
eventually be necessary to pump the sewage from tl 
now partially developed section west of the railroa< 
This should be collected by a separate system of se< 
ers and lifted into the Chestnut Street sewer by l 
automatic pumping station in Eighth Street. 
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On account of the distance from Detroit, about 11 
miles, it does not seem likely that it will be affected 
by overflow from there for a long time. 

The water-pumping records, after matting allowance 
for use by railroads, indicate a daily per capita con- 
sumption of 133 gallons. As this is obviously too 
high for this community, there must be a large waste 
by leakage, lawn sprinkling, etc. For the purpose of 
sewer design it has been assumed that 80 gallons per 
day will be contributed by each person and that there 
will be an additional flow of 500 gallons per acre from 
infiltration of ground water. 

The sewer layout is shown on plate 29, with a treat- 
ment plant discharging into the small creek south of 
the city, and the estimated cost of the project is pre- 
sented herewith, as follows: 

Tablx Na 84. — Co»t for Trenton, Mich. — ^,200 populatUm. 
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The operation of the treatment plant would only re- 
quire a few hours' attention daily. The cost for labor 
and materials should not exceed $500 per year. 

As Trenton has practically no sewerage system at 
the present time the item for sewers on the estimate 
given above should be considered as a collection sys- 
tem rather than an intercepting system and therefor© 
not a cost incident to the installation of a treatment 
process. On this basis the cost incidental to treat- 
ment is given in Table No. 85. 
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AMHERSTBERG, ONTARIO. 

The city of Amherstberg, Ontario, is the farther- 
most downstream municipality on the Detroit River. 
It possesses no manufacturing establishments of con- 
sequence and has had an erratic trend as to growth in 
past years. The population was 1.936 in 1871, 2,6"i 
in 1881, 2,279 in 1891, 2,222 in 1901, and 2,560 in 19a 
There is no apparent reason to expect that it will 
grow rapidly in the future, and it has been assumed 
that interceptor provision for i,000 people and treat- 
ment-plant provision for 3,000 people wiU be ample. 

No regular records are kept of the water pumped, 
but from a statement of the pumping- station engineer 
as to the number of times the water tank is filled 
during a day, it appears that the daily per capib 
consumption is about 165 to 170 U. S. gallona Am 
this information is of meager nature, and as AInkR^ ' 
berg is a very old city, so that the water mains ne 
probably in a very leakj' condition, the interceptor tm 
been designed on an assumed water cousuunption ot 
125 V. S. gallons per capita daily, with a sewage eta- 
tribution therefrom of 100 U. S. gallons per capiti 
per day, to which has been added a ground-wattr 
allowance of 1,000 U. S. gallons per acre per day, and 
a further allowance of 100 U. S. gallons per capitt 
per day to cover drainage which enters the existing 
sewers from the rural districts back of the city. 

The estimated cost of the project is presented he^^ 
with, as follows, and includes the cost of a separab 
sludge-digestion tank, not shown on any of the plats: 

Table No. 86. — Coit for Amhentberg, Ontorio — 3,00t 
population. 
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The existing sewerage system has two outlets, one 
in Richmond Street and the other in Park Street 
There is a suitable site for a treatment plant just 
south of Park Street, which permits the use of a short 
interceptor line. The interceptor shown on plate 30 
and in profile on plate 31, designed to carry the sewage 
to a pumping station at this site, follows Dalhousie 
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APPENDIX II. 



NIAGARA RIVER DISTRICT. 

ENGINEERING STUDIES. 
INTERCEPTION AND TREATMENT OF RIPARIAN SEWAGE. 
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INTRODUCTION. 



I have the honor to transmit herewith reports upon studies of the practicability and cost of remedying the 
pollution of Niagara River from riparian sewage. 

These reports are designed to furnish the basis for an answer to certain phases of the second question of 
reference to the International Joint Commission under date of August 1, 1912. They are subdivided into a 
general Niagara Kiver report, which presents the summary conclusions, and into a series of subreports which 
furnish the detailed considerations upon which the conclusions are based. 
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GENERAL NIAGARA RIVER REPORT. 



DESCRIPTION AND SANITARY CONDITIONS. 

The Niagara River is a boundary common to the 
Dominion of Canada and the State of New York. 
The waters are international in jurisdiction, the line 
being in midstream and following the Chippewa Chan- 
nel at the fork about Grand Island. 

The river is from 725 feet to IJ miles wide, is 35 
miles long, and connects the Lakes Erie and Ontario. 
The total fall from source to outlet is 326 feet, of 
which 167 feet occur in the sheer drop at the Falls and 
86 feet in the rapids above and below. The balance is 
sufficient to give the water a velocity of 3 to 4 miles per 
hour. Broken as is the river by falls and rapids, navi- 
gation is impracticable between Lewiston and Niagara 
Falls. The depth varies from nothing at the inlet to 
200 feet in the lower reaches, and the discharge aver- 
ages 209,100 second-feet, with a minimum of 153,200 
and a flood run-oft' of 376,700 second-feet. 

In addition to serving as an outlet for the vast 
drainage area tributary to the upper four of the five 
Great Lakes, Niagara River has a local drainage area 
of about 1,200 square miles, of which 780 are in the 
State of New York. Situated along its course are 
the American cities of Buffalo, Tonawanda, North 
Tonawanda, and Niagara Falls; the villages of La 
Salle, Lewiston, and Youngstown; and the Govem- 
tnent post of Fort Niagara. On the Canadian side is 
the city of Niagara Falls, Ontario, the town of Bridge- 
burg, and the villages of Fort Erie, Chippawa, 
Queenston, and Niagara - on - the - Lake. Inland on 
either side there are several small towns and a popu- 
lous farming country, the bulk of the population, as in 
the case of the riparian communities, being on the 
American side. Table 88 gives the distribution and 
summation of the population. 

T&DLX 88. — Population, 1015, Niagara River local drainage 
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In addition to its natural function as an outlet in 
the Great Lakes chain, the Niagara River is utilized 



in part as a means for navigation, and throughout ita 
length as the source of municipal water supplies and 
as the outlet for domestic and manufacturing wastes. 
Also along its banks are scattered summer camps and 
cottages, leading to a further utilization for bathing, 
fishing, and for pleasure boating. In the lower river 
is a small fishing industry. 

Aside from the development of power at the falls, 
the present maximum benefit derived fronof the river 
is probably that afforded by its character as a source 
of water supplies and by its carriage of municipal 
wastes. In this way there are used daily some 175 
million gallons, the water supply of 560,000 people, 
while sewage to the extent of 139 million gallons daily 
is returned directly, together with an indefinite amount 
of drainage from an inland population of about 
135,000 persons. The river is also the point of dis- 
posal for the garbage and refuse of the city of Niagara 
Falls, N. Y. 

As regards the effects of the sewage discharge there 
are few places on the Niagara River where pollution 
is noticeable to the point of giving positive offense to 
sight or smell. At the Canadian Maid of the Mist 
landing in a pool of slack water odors are at times 
evident; also at and below the point of discharge of 
refuse stranded matter is to be observed along the 
banlis, but aside from these instances the velocity and 
volume of the river discharge are such as to prevent 
sludge deposits and make nuisances entirely local. 

The facts as presented fix the water supplies as the 
only interests affected by pollution and lead to a con- 
sideration of conditions of the river and adjacent ter- 
ritory from this point of view. 

The present day { 1915) sewage discharge of riparian 
communities is recorded in Table 89. 
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POLLUTION OF BOUNDABT WAXEB3. 



Reference to the general map of Niagara River will 
show the principal points of discharge and their rela- 
tions to the various water intalces. 

To remedy existing conditions two alternatives offer : 
(a) The discharge of sewage into the river can be 
stopped; (b) sewage can be treated prior to its dis- 
charge. 

THE DIVERSION OF SEWAGE. 

The removal of sewage from Niagara River can be 
accomplished only by providing another outlet, and 
inasmuch as large streams in other watersheds are not 
available, the ultimate point of outlet must continue 
to be Lake Ontario. Two methods of diverting the 
sewage from the river are at band: {a) By the con- 
struction of a marginal trunk sewer; (i) by means 
of an open canal. 

In either of these cases the American and Canadian 
sides must be considered separately, and inasmuch as 
the former involves the greater expense, attention has 
been devoted chiefly to that side of the river in the 
discussion which follows. 

MARGINAL SEWER. 

From South Buffalo to Lake Ontario in a fairly 
direct line is 40 miles, and, with allowance for neces- 
6ai"y detours, it is probable that a trunk sewer would 
approximate 45 miles in length, in addition to one- 
half mile of outlet in the lake, needed to secure dis- 
charge into deep water. The quantities of sewage to 
be conveyed are estimated upon an ultimate popula- 
tion of 1,000,000, divided as in Table 90. 
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The grade is limited by the total fall between the 
two Inkes, and it may be assumed that the cost would 
equal that of a llj-foot sewer built almost entirely 
in tunnel and up to the Falls below ground-water 
level. The unit cost is estimated as follows: 



fbtcnvatlon, 7.5 cubic yards, at ?2.50._ 
Masonry, 2 cubic yards, at $12 



ContlDBencfes and uppurtenancea, 33 per cent. 1 

Cost per lineal toot S 

Cost per mile 800,00 

45 mlleg at $300.000 13,500,001 

Outlet 100,001 

13. 600. 001 
In addition to the main trunk there would be 
quired local collectors and storm-water overflow 
tensions, which in the case of Buffalo are estimi 
at $750,000. Thus it is probable that the total ( 
of a marginal trunk sewer with connections woutj 
be less than $15,000,000. 

For purposes of discussion it may be assumed 
interceptors to serve a population of 1,000,000, q 
ing to separate treatment works, would, on thai 
can side of the river, cost about $2,072,000, thui 

Buffalo $1, « 

Ken more IW 

Ti-nawanda M 

North Tonawandu S] 

Lt! Salle X 

Miugara Fulls 253 

I«wlston 3 

I'oungstown SO 



'2.0ri 
itiniM 



Treatment works may tentatively be est 
$3.50 per capita.* 

1915 construction. 700,000 at ?3.50 J2,4 

1930 construction, 300,000 at ?3.50 1.0 

The statement then stands : ^ 

CONSTBDCnON. 



Cost of trunk e 



Coat of treatment works Interceptors. 
Cost of treatment works (Imhoff tanks) 



2,07; 



2,45( 
l.OS 



ASKVil. CHASOES. 

Trunk sewer: 

Interest on 515,000.000, at 41 per cent 

Maintenance on trunk sewer. ^3 miles, at ?100_. 
Depreciation, {15,000,000, 80 years, 4( per cent- 
Yearly cost trunk sewer 



J 



'Bea wUtnatM la luccvedliic portlaoa o[ n^ort. 
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Mttment works:' 

P Interest oq J5.572.000. nt 4i per cent ?250,740 

■Bewer maintenance. 25 uillea, at $100 2.500 

(X>epreclatlon — 

Interceptor. $2,072,000, 80 yenrs. nt 41 
per cent 2, 840 



peratlon (sedimentation and dlalnfectton) 
' 1.000.000 people, at $0.35 350, 000 



Yearly cost treatment plant 625.680 

■lliese Bgures, nhile gener&I, indicate a financial nd- 
lEtage in favor of sewage treatment over a triink- 
rwer diversion project. In the case of a correspond- 
g trunk sewer for the Canadian side, the present-day 
Ssparity might not be so great, inasmuch as with ex- 
sting treatment at Bridgeburg, and with no sewerage 
t Fort Erie or at Chippawa, a trunli sewer could 
e stopped at Niagara Falls. 

DRAINAGE CANAL. 

In the second possibility offered for collection — 
^at of an open canal — the financial advantages of 
treatment would be considerably greater than in the 
first instance, were there not present the possibility 
cf carrying construction and maintenance charges by 
the development of water power. This possibility is 
ited by the existing difference of elevation between 
[fis Erie and Ontario — a total of 326 feet. 
^The first question to arise in this connection is as 
the diversion of water from Lake Erie. Tihis 
matter is the subject of international treaty, which 
fixes the permissible diversion on each side of the 
river. Of the American allowance, there yet remains 
unappropriated 4,400 second-feet. Also the treaty* 
specifically exempts from the limitation "diversion of 
water for sanitary or domestic purposes," and in Arti- 
cle VIII gives a priority to appropriations for such 
use. 

It thus appears that there is available 4,400 second- 
feet of Niagara River water, and if that be insufE- 
cient an indefinite balance, the appropriation of which, 
however, must be primarily dependent upon sanitary 
needs. 

To prevent nuisance from the carriage of sewage 
in open channels necessitates the addition and admix- 
ture of water sufficient to supply proper oxydation of 
the putrescible content, with a further provision that 
slowly moving streams also require a prior removal of 
material capable of settling at velocities equal to or 
in excess of those occurring in the channel. As gen- 
erally expressed, the ratio of diluting water to sewage 



■ Don not Include wouom]' rcBultlng from ittern 
trmlmrDt work*. ' 

• Tnalj Iwlwrnn Ibc Tlalted Stntca and Great Brll-nln — Boundsrr 
walers between ill* DoltMt Bute* and Canada. Proclaimed Ma; 13. 
IBIO. 



ranges upward from a proportion of 4 cubic feet per 
second to each 1,000 of tributary population. The 
Chicago Drainage Canal was designed to carry 3.3 
second-feet per 1,000 population, and because of a de- 
ficiency in velocity is now affording in the upper 
reaches considerable trouble from sludge deposits.* 

In studies relating to the Charles River Dnm at 
Boston, tlie same question was considered and the 
conclusion reached that a nuisance is likely to result 
when the ratio falls below 3J cubic feet per second 
per 1,000 population; that with rates between Zi and 
cubic feet per second the results are doubtful, and 
that with more than 6 cubic feet per second per 1,000 
objectionoble conditions are not likely to result.* 

In discussion relative to investigations of Ohio 
rivers, Allen Hazen states tliat in sluggish streams, or 
in those carrying some pollution, the required diluting 
quantity may become 6, 8, or even 10 cubic feet per 
second per 1,000 population.' 

Such statement are, however, general, and must be 
interpreted in the light of several factors, including 
those of velocity, means for diffusion, temperature, 
structural features affecting sedimentation, etc. The 
matter is hero presented only in sufficient detail to 
establish authority for the statement that on the 
American side alone, in order to properly dilute the 
sewage from an expected future population of 
1,000,000, there will be required a river diversion of 
not less than 6,000 or 7,000 second-feet, and that even 
this amount is not certain to avoid nuisance if the 
sewage receive no prior treatment. Objectionable fea- 
tures, if occurring, would result from the presence of 
floating matter and fr»m the concentration and subse- 
quent putrefaction of deposits. The first could be 
obviated by the use of coarse screens which, though 
inexpensive, would nevertheless require constant at- 
tention. Deposits can be avoided only by a prior 
removal of settleable mutter, or by securing such 
velocities as would prevent settling. Prior removal, 
while practicable, is the fundamental part of sewage 
treatment which it is the function of the canal project 
to obviate. Prevention of subsidence, on the other 
hand, requires the maintenance of average cross-sec- 
tional velocities of not less than 2^ or 3 feet per second, 
and is of course at the expense of fall otherwise avail- 
able for power. Tlie second requirement also pre- 
cludes the interposition of such quiet bodies of water 
as would result from the creation of storage basins, 
slips, and the like, for while sludge can be removed 
and handled without offense from proper tanks con- 
structed for that purpose, it would not be practicable 
to economically remove sludge from any extensive 
natural bodies of water. 

■ Report on SewDst DUpoMl. SonitaiT Dlaldct of Cblcago, O. U. 
WlBOfr. 1011. 

■ ni>porl or committM on CbnrlM BlTer Dam. 1003, Appeadli No. B. 

■ See AmerU-ao Snirerase Practice. Uetc&U A Eild;. VaL 111. p. 8S0> 
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Although the dilution of sewage to the extent of 6 

or 7 cubic feet per second per 1,000 population may, 
under suitable conditions, render the mixture inoffen- 
sive to eight or smell, such water is, of course, not 
potable, and if discharged into a source of water 
supplies, may prove a serious menace, a possibility 
that must be considered in the present instance. 

In applying the general project of a diversion canal 
to Niagara River conditions, it is apparent that while 
Canadian and American remedial measures must be 
separated, a channel in either case must approach the 
shore of the river in order to intercept all marginal 
drainage. In the absence of a specific project, it is 
difficult to be satisfied that all conditions are met, but 
it is apparent that only at the expense of lengthened 
route, pumping, complicated connections, or incom- 
plete interception of drainage, would it be possible to 
avoid discharge of the diluted sewage at some point 
close to the mouth of the Niagara River and, indeed, 
a thorough study of conditions might lead to a deter- 
mination that discharge into the river current itself 
would be essential to adequate diffusion. 

In the event of discharge at some point removed 
from the influence of the main river current, there 
is a decided possibility that the river would act as 
a barrier which, while preventing or hindering pol- 
lution from crossing the international boundary, 
would also interfere with rapid diffusion, tending on 
either side to an increase of littoral pollution. The 
seriousness of this contamination would depend 
largely upon local currents and upon winds, but 
whereas under present and almost ideal mixing con- 
ditions the evidences of sewoge are quite appreciable 
10 miles from shore and are noticeable 15 miles out, 
it is patent that with restriction of the immediate 
diffusion field, either the pollution would be more pro- 
nounced or else it would be felt to a greater distance 
from the point of discharge. 

On the other hand, to discharge the diluted sewage 
into the main river current would secure desirable 
rapid mixing and dilution, but would inevitably bring 
into discussion the question of pollution crossing the 
boundary, and while this might not of itself be serious 
at the present time, developments might later lead to 
a state of affairs where the pollution would be in 
contravention of treaty rights. 
' The territory at the western end of Lake Ontario 
is at present undeveloped. With the mouth of the 
Niagara River as a center, Toronto, Hamilton, and 
Rochester are the nearest important centers of popu- 
lation, being, respecti%'ely, 29, 40, and 77 miles dis- 
tant by water, while Port Dalhousie, at the outlet of 
the Welland Canal, is 11 miles distant, and Olcott 
Beach, a summer resort, lies 18 miles from the river 
mouth. Further development of this territory is not 
impossible as concomitant with greater utilization of 
Niagara Falls power in the lower river, but is largely 



a matter of speculation. On tli« ccaitruy, it ii k 
expected that the lake shores on both sidea d 
boundary will increase in popularity u a loeri 
for cottages and summer resorts — residential aiv 
the character which not only utilize the lake nl 
for bathing, but are also prone to accept timi 
domestic use without treatment 

The conclusion then of this discuonon of dap 
priety of discharging raw sewage into Lake Olfe 
is that such utilization is not harmonious widi|i 
ent nor prospective development of this tat^ 
that the (Uscharge of a large volume of diluted MJ 
at no considerable distance from the shore wouldii 
ably give rise to local nuisance, increasingly tn 
with time, and in the event of certain combina 
of wind and current, might endanger intemai 
rights or possible water supplies, however vap 
present Further, that it would be contrary to aH 
policy of conservation, and while this attitude ii 
ject to the argument that the interests destroya 
of less value than those ser\'ed, the huge cost andi 
nitude of a canal project, if adopted, would pradi 
conmiit the cities involved to this form of dii| 
for a long time to come, notwithstanding the den 
ment of conflicting interests. 

There is, however, another aspect of this m 
which merits consideration. If, for any reas<Ki,l 
be constructed a canal connecting Lakes Erie and 
tario — whether for navigation or for power pmj 
or both — it would be possible to so route such a c 
nel as to focilitate the effective disposal, not of c 
sewage but of treated sewage. The advantage of 
a means of discharge lies in the fact that it wool 
feasible to construct the canal at such levels as to 
an outlet materially lower than either lake or i 
above the Falls, thus effecting economy in any p 
ing attendant upon treatment works operation. 

Also were such a canal built in a manner to i 
cept both the dry weather and flood flows of sb 
tributary to the river, or in such location as to n 
the storm overflows from intercepted trunk ae 
it would be a factor in the improvement of the 
eral sanitary regimen of the Niagara River,and th 
neither removing nor lessening the need for both 
age and water treatment, would be in effect added 
tection to the water supplies of riparian commufl 

The first of these questions is financial, u 
largely offset by the possibility that the greater 
centration of sewage in a canal as compared 
that obtaining in Niagara River might require 
more extensive removal of organic matter than i 
be demanded for the river in order to avoid ph; 
nuisance. Furthermore, there exists the addit 
though more remote, possibility that less fav< 
conditions of disposal in Lake Ontario, in con 
tion with proximity to a local water intake, : 
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teccssitate disinfection in excess of that needed for 
discharge, 

te second point, while worthy of recognition in 
icing two projects, in itself has but little weight, 
summory, then, it may be stated : 
That the diversion of riparian sewage from 
,ra River by means of a marginal trunk sewer 

not feasible because of the expense. 

(6) That the collection of a crude riparian sewage 
into a combined sanitary and power canal, accom- 
panied by dilution with lake water and involving the 
final discharge of raw sewage into Lake Ontario, is 
not a proper solution of the problem, because of the 
creation of nuisance en route, and because of the con- 
ditions created at the outlet. 

(c) That the discharge of treated riparian sewage 
into a surface canal is both proper and feasible if the 
treatment be carried to a point at least equal, and pos- 
sibly superior, to that demanded for river discharge, 
but that such a project possesses little apparent ad- 
vantiige when coupled with the necessity for preserv- 
ing it from nuisance and from transgression of inter- 
national and local rights at the outlet. 

It shnidd be noted that these conclusions are based 
only upon the remedies aa affecting pollution of inter- 
national effect. The merits of any particular solu- 
tion as between two communities on the same side of 
the border are not within the scope of this report, ex- 
cept as subsidiary to the major issue. 

This chapter of the Niagara Kiver report has dealt 
with the possibility of meeting the second question of 
reference by the adoption of diversion works. There 
remains for consideration the second alternative of 
remedying pollution through the treatment of the 
sewage. 

SEWAGE TREATMENT, 

The early investigations of the Commission were 
confined to bacterial examinations, the B. coli count 
being regarded as the index of pollution. The con- 
sideration of the potability of water must, in addi- 
tion, devote attention to turbidity and to the presence 
of organic matter of suspicious origin. 

Of the several riparian communities Involved, Buf- 
falo, North Tonawanda and Niagara-on-the-Lake dis- 
infect their water supplies with liquid chlorine; Ni- 
agara Falls, N. Y., is supplied with rapid sand filters; 
Niagara Falls, Ontario, uses chlorine at times; Fort 
Niagara treats its water; and the balance, including 
Fort Erie, Bridgeburg, Tonawanda, and Youngs- 
town, use the water untreated. La Salle and Ken- 
more are supplied by the Western New York Water 
Co., which treats part of its water and draws the bal- 
ance from sources other than the river, while the in- 
land city of Lockport chlorinates its supply. 

Thus, save in Niagara Falls, N. Y., and La Salle, 
none of the water receives purifying filtration, the at- 
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lention being devoted solely to the destruction of 
pathogenic bacteria. The reason for this lies in the 
all but occasional freedom of the river water from 
objectionable turbidity. It is, however, unreasonable 
to expect that satisfaction with such treatment or lack 
of treatment can long continue, for the disinfection 
of water should be regarded as insurance of great 
value in time of epidemic and to meet occasional con- 
tamination, and as an additional reserve safeguard in 
connection with purification. In the case of a con- 
tinuously and seriously polluted raw water, treat- 
ment is generally adopted to remove organic matter 
of animal origin, holding in reserve or as a final treat- 
ment the application of disinfectants. 

It would therefore appear reasonable to predicate 
the needs for sewage treatment upon the assumption 
that the purification of water supplies drawn from the 
Niagara River will be such as will not only destroy 
pathogenic bacteria reliably and continuously with a 
minimum of danger through disturbance of apparatus, 
but will also effect incidental removal of organic mat- 
ter. This view is important in fixing the require- 
ments for any treatment of sewage, and results from 
an equilibrium between efficiency and expense of the 
treatment of both water and sewage, for granted the 
need for water purification, it becomes broadly eco- 
nomic to devote the greater attention to this phose 
of the problem, utilizing the treatment of sewage to 
the extent required to keep the burden on the water 
purification within bounds which are reasonable and 
safe. The major premise to this statement is to be 
found in the universal opinion of sanitary authorities 
that surface water supplies from inhabited areas are not 
safe for consumption without purification, while the 
conclusion has been evaluated elsewhere in this report. 

It may be that with such necessity imposed, the 
different communities may find it advantageous to 
combine with a view toward drawing their supplies 
from other sources,' but irrespective of this possibility, 
the problem offered by the second question of refer- 
ence remains unchanged, viz.^to outline such treat- 
ment as will reduce existing pollution of boundary 
waters to the condition that will be met by such water 
purification as would be required were all pollution 
practically removable eliminated from consideration. 
That statement outlines the purpose of the following 
discussion. 

Considering the problem from the bacterial stand- 
point, two methods are available for reducing patho- 
genic germs — (a) filtration and (b) disinfection. 

FILTRATION; 

Sewage treatment by filtration is designed primarily 
to remove putrescible matters which are beyond the 

> See, far piamiile. pamptil«t or New York State ConacrraUon Com- 
mlsitoD, outUnlne (cbeme lor ImpoooiUiig Ih* bcadnten of LttUi 
Toiuiiraiidt Cretk at Linden. 
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scope of screening or of sedimentation. The bacterial 
removal accomplished in this process, though appre- 
ciable, is secondary and irregular. Moreover, its effi- 
ciency in this respect is in no wise commensurate with 
the expense. 

Whereas the conditions along the Niagara River de- 
mand effective and quantitatively high bacterial re- 
moval, they do not require extreme reduction of 
putrescible contents, thus practically eliminating con- 
sideration of any of the several types of titration. 

DISINFECTION. 

Disinfection of sewage is possible in several vfays, 
but the most modern and effective method is to subject 
it to the action of calcium hypochlorite, or bleaching 
powder. Such a process necessitates means for liold- 
ing the sewage and chemical in contact for a short 
period; and if economy and efficiency be objects, there 
ia required in addition the removal of the larger solid 
particles contained in sewage. Tliis solid matter in- 
cludes much of the offensive portion uf sewage and is 
in such form as to resist thorough disinfection 
through resistance to penetration of the chemical. A 
proper balance of sedimentation and disinfection thus 
becomes economic, permitting of a reduction of chem- 
ical to a minimum. 

The choice of remedies is thus narrowed to disinfec- 
tion accompanied by sj'nchronous or prior treatment 
to remove solids, or in other words, to disinfection 
allied to either fine screening, sedimentation, or to 
both. 

FINE SCREENING. 

This mode of treatment is more common in Europe 
than in this country, though attention is now being 
given to it in several American conununities. The 
process is described by its name and consists in strain- 
ing the sewage through mechanically driven mesh 
screens having openings of width of one-sixteenth 
inch, more or less. 

The application of the fundamental principle has 
taken several forms, the best known in this country 
being the Riensch-Wurl disc screen, and the Weand 
screen. The former consists of metal arms covered 
with slotted bronze plates, the whole rotating obliquely 
in the sewage channel and lifting from the sewage the 
screened matter, which is swept from the plates by 
moving brushes. Units of this type have recently been 
installed at Brooklyn and at Cleveland. 

The Weand screen is a mesh cylinder supported by 
a metal framework. The sewage discharges into the 
cylinder as it rotates, the screenings being washed or 
blown into a trough at the uppermost portion of 
travel, and from thence conveyed to storage or dis- 
posal point. 

In each of these types, and in all others, the disposal 
of Bcreenings is a separate and serious problem. 



They are made up of paper, fruit skinSt fee 
ter, and other solids forming an offensive pn 
For ultimate disposal, incineration in combinatic 
with garbage or with fuel offers the Ideal solntii; 
and can be accomplished without nuisance. 
and less attractive modes are burying and redl 
in reclamation works where grease is extract 

SEDIMENTATION. 

Sedimentation is the process involved in subjel 
sewage to conditions of quiescence, or at least to cd 
siderable slackening of velocity of flow, with cons 
qucnt deposit of suspended sclids. It is accomplisbt 
in tanks of various dimensions, covered or uncovew 
and with or without the addition of chemical 
Tanks of the most modern type, known as Imho 
or Emscher tanks, are built in two stories so that tl 
settling solids, which fall through slotted openings i 
the floor of the upper compartment, may digest fa 
from contact with fresh sewage. The decompoi 
tion of the solid matter in shallow tanks is often tl 
cause of considerable nuisance, both from odors a 
from the effect of putrefaction products upon tl 
clarified sewage. In Imhoff tanks experience In 
shown that for some reason incidental to the hydi 
static pressure of the overlying liquid the process 
digestion can be accomplished without offense, la 
ing a residue which can be successfully remon 
periodically and dried on sand beds without nuisan 
The air dried and spadable sludge may be used 
fill in waste lands, as low-grade fertilizer, or may 
incinerated. 

The clarification of sewage is in itself a compb 
process of treatment when the object to be obtain 
is the lessening or elimination of nuisance by a mc 
erate reduction of the puti'escible content of sewaj 
When further reduction is necessary, or when t 
destruction of pathogenic bacteria is important, cl« 
fication is a process preliminary to other treatme 
In these studies it is coordinated with disinfect! 
as a matter of economy and as offering the advantt 
of the removal of solids. 



COARSE SCREENS AND GRIT CHAMB] 



thiii 



It is common practice to pass sewag 
coarse screens and detritus tanks in anticipation 
any other treatment. Such procedure, involving i 
use of bar screens of 1 to 2 inch spacing, remo' 
bulky floating matters which might interfere i^-ith i 
operation of subsequent devices; and also takes i 
heavy settleable solids — principally sand — Tvhich i 
be handled more economically in this way than 
other and more intricate treatment. Such pr 
treatment is particularly desirable when pumping 
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EFFICIENCY AND COST. 

It must be strongly emphasized that the sewage of 
eacli city possesses individual characteristics which 
prevent the setting up of general standards. How- 
ever, it is possible to ^ve typical figures illustrating 
general efficiency, and these are given in Table 91 by 
showing the percentage removals of orgajiic matter 
and of pathogenic bacteria, as accomplished by the 
different piocesses. 

Costs, too, vary considerably, and to meet this varia- 
tion there have been prepared estimates of each form 
of treatment. The data upon which the estimates are 
based do not apply to any frontier city, but are char- 
acteristic of the majority, and include a high average 
sewage flow of 300 gallons per capita, expensive treat- 
ment sites, and the need for pumping. The cost fig- 
ures are per capita annual amoimts, with interest at 
4^ per cent and an assumed life of 50 yeai-s. To ren- 
der the list fairly complete and to bring out the rela- 
tive expense, the more elaborate filtration processes 
are included. 

TAni-K 91. — Nittgara River ditlrict letoape tre(itment~-Oom- 
parative coatt and efficiencies. 
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The figures given indicate that of clarification proc- 
esses, fine screening and tanlc treatment with a two- 
hour detention period are similar in cost. Screening 
is ordinarily regarded as cheaper than subsidence, and 
the equality here shown is due first to the desirabilitj 
of installing at least two screens, even though one 
would do the work, in order that some reserve might 
be at hand in case of breakdown; second and chiefly, 
the difference is due to the requirement of a mechanic 
to control and repair machinery. In the case of large 



plants these differences would be of less moment, and 
might disappear; and conversely, in a small mstalla- 
tion the differences are more outstanding, leading in 
this report to an elimination of screening as a process 
of interest to small towns. 

WHien disinfection is added to the foregoing pi-ocees, 
fine screening is handicapped by the need for wm- 
structing tanks or channels where proper contact be- 
tween chemical and sewage can be secured. Where 
there are available long outfalls in which the flow- 
through period is 20 or 30 minutes, the tanks may be 
dispensed with. In the case of the Imhoff tank sedi- 
mentation, the disinfectant may be applied in the 
influent ciiannels and the ordinai'y detention required 
for subsidence utilized for the contact period. 

As to disinfection, the costs betray the fact that 
more bleach has been allowed for screened than for 
settled sewage in order to meet the difference in re- 
moval of putrescible matter. In this report the allow- 
ances have been respectively 7 and 5 parts of available 
chlorine per million parts of sewage. 

The answer to the question of " possible and advis- 
able" remedies for the conditions resulting from ex- 
isting contraventions of the treaty is offered in the 
treatment of sewage by clarification and by disin- 
fection. There follow in subsequent sections a study 
of the detailed applications of such treatment to the 
different communities concerned. 

CONDUCT OF STUDIES AND BASIS FOR 
DESIGNS. 

GENERAL CONDITIONS. 

In an investigation of the character conducted 
thoroughness often becomes subordinate to expedi- 
ency, but in the present instance it is believed that 
the speed with which the ground has been covered has 
not been at the sacrifice of care, and while additional 
time could be well spent in the mak>ng of surveys, 
gagings, and borings, and in the working out of de- 
tails, the data collected have been sufficient for the 
end desired, — viz. to formulate judgment and to re- 
port upon the practicability and the cost of remedy- 
ing the pollution. It is thus that while the findings 
here presented can not be regarded as a final solution 
of the problem they are preliminary in nature and can 
be used to indicate the direction of subsequent work, 
for it is assumed that in the developments arising 
from this investigation the towns concerned will 
utilize competent engineering advice for the work to 
be done, as the work of the Commission in no sense 
usurps or replaces the undertaking of studies by the ' 
towns themselves. 

The towns reported on in subsequent pages have 
fallen into two classes: those with and those without 
sewerage. 
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In the first case existing sewer records have been 
searched, and in some cases supplemented by levels, 
to the end of fixing the locations and elevations of 
sewers. With these as a basis, and with estimates of 
present and future sewage flow as fixed by the water 
consumption, feasible disposal sites have been chosen 
and necessary collector lines laid out. In the larger 
cities this has necessitated a study of alternate 
schemes, with consideration of the economics. Else- 
where the combinations possible have not been nu- 
merous, resulting in a quicker sifting to eventual con- 
clusions. 

The unsewered towns have been inspected with a 
view to establishing probable lines of sewerage de- 
velopment, proceeding from this to a choice of dis- 
posal sites with consequent fixing of interceptor 
lengths. The cost estimates offered in these cases ai'e, 
general figures resulting from more detailed studies 
in neighboring communities. 

The conditions obtaining along the Niagara frontier 
ore not favorable to the economic building of sewer- 
age works. The river, with its tributaries, is the uni- 
versal outlet, this making necessary the construction 
of marginal sewers in order to intercept all pollution. 
This not only often requires construction in the most 
fully developed sections, but also places much of it 
below giound-water level. Furthermore, the very 
slight north and south slope of the ground makes 
proper sewer grades at reasonable depth almost im- 
practicable, and in many cases leads to the introduc- 
tion of pumped step-ups in the griide. Fromthetreat- 
ment point of view the difficulties are ground water 
and the expense of the land, for in all cases the works 
• have been located adjacent to the river, not only to se- 
cure convenient outlet, but also to conserve pumping; 
this latter feature in all cases making the more costly 
land tlie more economic. 

The foregoing notes are directly pertinent to all 
communities above the Falls; below, they do not ob- 
tain, but give way to the expense of construction in 
the rock formation encountered up to the escarpment, 
and in the case of Niagara Falls, N. Y., to the deep 
tunnel sewers which are a feature of that city. 

In this catalogue of particulars no mention has 
been made of the high water consumption and conse- 
iiuent high sewage run-off prevalent in all the frontier 
cities. It is proper to point out that while the large 
sewage flows encountered do not form an insurmount- 
able obstacle to satisfactory treatment, they do never- 
theless increase the cost of any process, and are in a 
measure responsible for the amplitude of the cost esti- 
mates. Such lavish use of water is the direct concern 
of those paying the bills, but can not in any way be 
a deterrent to proper treatment, for the cost in excess 
of that normal to the handling of sewage is but an- 
other item in the water bill. 



INTERCEPTOK CAPACITIES. 

Another point meriting attention is the basis of 
design for collector capacities. Practice in this re- 
spect is not standardized, as will be evident from 
Table 92, quoted from volume 1 of Metcalf and Eddy's 
American Sewerage Practice. 

Tabije 92. — Inlercejttor capaaitiet in uurtoua ctfiei. 
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I Niagara Frontier sewers are all built upon the com- 
1 bined principle ; that is, they normally carry only do- 
mestic and manufacturing wastes, but in time of 
storm the strictly sewage flow is augmented by the ad- 
dition of nm-offs from roofs and pavements. This 
accretion of flow dilutes the normal or dry-vi'eather 
sewage, but the fii-st wave carries with it much foul 
I matter in the form of dust and street sweepings; also 
I the first rise of water in the sewer serves to wash down 
solids previously stranded and to scour out the de- 
posits resulting from low dry-weather velocities. The 
problem, then, is as to how much of this first flow 
should be diverted, and the solution is obscured by 
the complex manner and timing of these waves, whidi 
depend, among other factors, upon the area and shape 
of the drainage district, the intensity and duration of 
the rainfall, and the direction in which the storm 
moves. 

Table 93 records the provision which has been made 
in the case of Niagara River towns. ^h 

BTOaU WATEK niVEBSION. ^H 

It will be observed that the margin between ave^^ 
age flow and maximum capacity is small. This pro- 
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Tabu S3. — InUrceptor capaoitiet, Niagara River ilittrict. 
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portion depends first upon the ratio between avernge 
flow and the maxinium rate, and it has been found 
for the large per capita amounts here dealt with that 
this ratio ts small, being for trunk sewers in the 
vicinity of 1 to 1.5 or l.G. This fact has been verified, 
though continued and supporting sewer gagings are 
much to be desired. The explanation appears to lie 
in the high basic rate from which a small variation 
in percentage signifies a really large total amount. 

The second factor in establishing interceptor 
capacity is the proportion of storm water to be ac- 
cepted, for all run-off in excess of the allowance will 
pass the collector and reach the river untreated. The 
table also shows that in the work covered by this 
report generally and almost universally no specific 
allowance has been made for storm water as such. 
This does not mean that none will be accepted, for 
inasmuch as the interceptors are proportioned to meet 
the needs of a future population, they provide ca- 
pacity in excess of present re<iuirements, and the sur- 
plus is available for storm run-off. Such surplus, 
however, will be a decreasing variable and in the end 
will become practically zero. Another allowance is 
contained in the fact that if storms of rare intensity 
be excepted the distribution of rainfall is uniform 
throughout the day, this making available for storm 
drainage the difference between the maximum inter- 
ceptor capacity and the average sewage rim-off. 
Equally important is the high per capita sewage fiow 
for which the sewers are designed, a flow which 
harmonizes fairly well with present-day water con- 
sumption rates, but which, because of added cost due 
to both water and sewage treatment, it is expected 
will be materially lessened in the future. 

Moreover, it is believed that it is possible to over- 
estimate the impoi-tance of accepting any considerable 
portion of storm run-off. Referring to the specific 
instance of Buffalo, it is known that the average year 
includes in the vicinity of 370 hours of rain, or, in 
other words, that during 7t rainy months the hours 



of precipitation are limited to 6.8 per cent of the total 
time. Further, it is known that during these 370 
hours tHere will fall 21.2 inches of rain, and if, to 
form a mental picture, it be permitted to place the 
average hourly precipitation at 0.057 inch, the re- 
sulting run-off for a 0.5 impervious coefficient and for 
a total drainage area of 20,600 acres is 590 cubic feet 
per second. From the detail report for that city it 
appears that designs for Buffalo interceptors require 
a total capacity of fJOU' cubic feet per second for an 
average 1950 flow of 843 cubic feet per second, thus 
giving a combined average runoff of 933 second-feet 
during 370 hours of storm and causing the overflow 
at such times of 36 per cent of the dry-weather 
sewage then flowing; and inasmuch as these periods 
of overflow are limited to 6.8 per cent of the total 
time, the gross sewage overflow during 7j months 
would approximate 2.4 per cent of the total sewage 
discharged. If, further, there be eliminated all hours 
during which there is registered a precipitation of 
0.04 inch or less, the percentage of sewage overflowed 
becomes 1.8 per cent of the total. 

The looseness of this mode of reasoning is apparent. 
being based upon flat rates of minfall and run-off. It 
is, however, indicative, and when it is recalled that 
the balance of the annual precipitation occurring 
during the other 4^ months is very largely snow, which 
in the latitude of Buffalo does not readily melt and 
run off in any short time; and when it is further 
known that some 27 per cent of the annual rainfall 
occurs as storms of hourly amounts of 0.05 inch or less, 
the 2.4 per cent overflow factor might be acceptable 
as an approximate value. 

Consideration of the matter in this wise makes evi- 
dent that the whole problem is one of relative efficiency 
and economy. Utilizing the data previously presented 
with a view to decreasing the sewage overflow from 
2.4 to 1.5 per cent, it becomes necessary to increase 
interceptor capacities 20 per cent, which for the 
larger sizes in equivalent to a similar increase in cost. 
This in the ease of large works is a considerable in- 
vestment, and at once raises the question as to whether 
a smaller investment at the waterworks' end would 
not better accomplish the purpose in view. 

It is true that the overflow discharge of sewage 
occurs at times when tributary streams are bringing 
to the major stream an accumulation of inland and of 
niral pollution, and it is also true that it is imprac- 
ticable to set a proper limit of interception of storm 
drainage, but it appears probable that the capacities 
of frontier interceptors as designed are not much 
removed from the point of equilibrium between cost 
and accomplishment. 

'Total 016.6 cubic feet per aecond : BB7.0 for prtwnt cli)' Brcn. 
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FEATURES OF TREATMENT. 

As to the details of treatment, conformity td certain 
principles has been adopted, viz: 

PBBIOD OF DESIGN. 

Interceptors have been proportioned to meet the 
needs as of the year 1950, which has been assumed aa 
the ultimate date to which present-day studies can 
apply with reasonable degree of probability. 

Treatment works, excepting grit chambers, have 
been designed for a capacity adequate for 15 years to 
come. This period has been made long so as to allow 
for time consumed in initiative legislation and the 
work preparatory to construction, thus giving the 
costs of such works as \N'ould be constructed at that 
time. Grit chambers have been designed on the same 
basis as the interceptors. 

mtK BCBBBK8. 

Sizes have been selected upon the commercial rat- 
ings of the Riensch-Wurl type, to care for the average 
flow, and with sufficient units to insure that in case of 
the breakdown of one, the balance nf the plant will 
not he subject to more than a 75 per cent overload at 
times of dry weather flow. The screen house has been 
proportioned to accommodate one additional screen of 
the largest size selected. 

niBOFP TANKS. 

In the smaller towns fairly shallow tanks have been 
chosen on account of the high-giound water plane. 
The type has been either circular or rectangular, ac- 
cording to the ratio between sewage flow and sludge 
capacity, it being found that circular tanks can be 
more readily adapted to high per capita flows, 
although for extensive plants rectangular units with 
common dividing walls have been found more 
economic. 

The upper compartment has been designed to retain 
1'20 per cent of the average rate of sewage discharge 
for a period of 2 hours, or for a nominal average 
detention of 2.4 hours. The percentage used insures 
that the bulk of the flow will be subjected to sedi- 
mentation resulting from the period noted. 

Sludge storage has been provided to the extent of 
either li or 2 cubic feet per capita, the larger amount 
being used in Buffalo and Niagara Falls, where trade 
wastes are a factor. The allowances made were deemed 
sufficient to permit of retention of sludge over the non- 
drying winter months. 

Certain studies have been made of the cost of Imhoff 
tanks providing one hour's detention. Table 91 gives 
a general idea of their relative position as regards 
cost. 8uch a tank in combination with disinfection 
provides a period more than sufficient for the action 



of the chemical, and would also secure an appredabk 
removal of organic matter. Emphasis has not ben 
placed upon this possibility, because of uncertainty u 
to tile performance of such a tank with the dilute sew- 
ages prevalent along the frontier. Experiment «nlj 
can show the wisdom of its use, and it Is suggested 
only as a possible source of ecfjnomy should the re- 
moval of organic matter prove satisfactory. 

SLUDGE BEDS. 

For the larger cities, sludge bed estimates have beta 
based upon 1 square foot, net, for every 3 persoiu 
In other places the provision has been 2 square fM 
for 6 persons, the difference representing an estinnle 
of the probable differences of expert control, leading 
in the larger installations to riper and better draining 
sludge. 

DISINPECTtON. 

For tank effluents, calcium hydi'ochlorite ' at lis 
rate of 5 parts of available chlorine per million ptili 
of sewage has been allowed, the dose being applied 
just prior to entry into the tank. 

For screened sewage the application has been ii 
creased to 7 parts per million to allow for a smalk 
reduction of solids in this process. 

The disinfecting apparatus itself is planned to 
sist of a masonry mixing tank wherein a 4 per 
solution of bleach will be prepared and later pump«i 
to one or more stock tanks where the solution willbt 
attenuated to a 2 per cent mixture, which is that naed 
for the dose. 

INTERCEPTORS. 

These have been designed to receive the maximum 
flow to be expected in 1950. A general minimum 
velocity of SJ feet per second has been set, but has 
been transgressed in several instances where pumping 
could be avoided by the adoption of a lower velocitj, 
In these cases special construction to secure smooUi 
surfaces has been called for. 

The interceptor profiles have been laid out to insure 
either uniformity of hydraulic grade in the water 
surface or else so as to preserve a slight drop at 
changes of sizes and intersections of lateral sewers. 

Slight attention has been given to the exact manner 
of interception, for the devices must be worked out in 
accordance with local data. One or two special cases 
have been considered and are described in the detail 
reports. In general it is expected that a low dam will 
he placed across the trunk sewer, with an opening up- 
stream thereof connecting to the interceptor. Where 
grades admit, the interceptor itself, in either original 

' During thp writing of Hils rpport there lias lieen some Buctaatlon 
In (be price oF bleach trotn IIb previoUBly iirevalllDi,- markel rata* «f 
$2B per ton. A pprmsnent IncrcBBe In tbe flgure mlgbt be sufRcleDt to 
JaatlCj tbe use oC liquid cblorlne lb place □( bleach, but di>«a not 
aS*et tke camclualoBi naebed. 
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or altered section, can form the dam, which should be I 
set so 8S to divert the mflximum permissible. To com- ' 
pensate for the reduction of section by the dam, it will 
be necessary to widen the original sewer above and I 
below the point of diversion, this forming the chief 
expense of the construction. The opening and con- 
nection can well be formed of a slotted plate set in the 
sewer invert in such manner as to be capable of occa- 
sional adjustment, or else the opening might be regu- 
lated as to size by a float -controlled gate actuated pref- 
erably by the water level in the interceptor. Connec- 
tions of either of these types have been installed else- 
where, and it has been thought sufficient to allow for 
some similar construction in the estimates, leaving the 
selection as a matter of detail design. 

No particular material has been specified for inter- . 
ceptor construction, as such would probably be fixed i 
by individual city standards. Where ground water is 
to be expected in troublesome quantity, an effort to 
retard leakage haB been made by allowance for a con- 
crete jacket. 

MECHANICAL PLANTS. 

Pumping machinery has been selected to meet the I 
maximum rate of flow. No leserve apparatus has ' 
been included, but in all cases the units are such as to I 
permit of considerable overload in case of breakdown | 
of one part; and, being designed for maximum rates, 
it will be possible to Install minor repairs without in- 
terference to operation. 

Electrical equipment has been figured on very gen- 
erally, owing to the availability of low cost power, and 
because of the simplicity of construction and operation 
for small plants where semiautomatic motor control 
can well be included. 

In two instances estimates have been based upon 
steam power, in order to take advantage of the heat 
from incinerating plants for the disposal of sludge 
or screenings. It is expected that coal fuel will be 
employed, and the operation costs include no allow- 
ance for the heating value of either sludge or screen- 
ings, the incineration being regarded as a disposal and 
not as a utilization process. 

In most cases the elevations are such as to make nec- 
essary the pumping of sludge from the tanks, and to 
meet this condition it is expected that the air lift will 
be employed, calling for the installation of an air com- 
pressor with suitable piping and appurtenances. 

The mechanical equipment has not been the subject 
of very detailed studies, chiefly because in cost it forms 
but a small percentage of the total. 

SEWAGE FLOW. 

The amount of sewage to be handled both now and 
in t)ie future has been determined in various ways, 
but chieSy from a study of water consumption. In 



Buffalo and in Niagara Falls, as representing more 
ijM'olved conditions, the studies took the form of sepa- 
ration into domestic, industrial, commercial, and leak- 
age factors. In the small towns less detail has been 
observed, the principal reliance being placed upon 
some careful gagings in Tonawanda and upon har- 
mony with the conclusions from other studies. 

The relation between average and maximum flows 
has been based partly upon the Tonawanda gagings, 
but chiefly upon the water consumption studies, in 
this case building up a pyramid derived from the rela- 
tions existing between average daily, maximum daily, 
sind maximum hourly rates. 

Considerable room exists for a closer determination 
of these sewage quantities, and where given it is with 
full expectation that they will be checked by inde- 
pendent derivation, preferably from a long series of 
gagings. 

COST AND CONCLUSIONS. 

UNIT PRICES. 

For construction costs an examination has been 
made of contract prices in three of the several cities. 
Buffalo costs, since contracts aie let for a lump sum, 
are difficult of analysis, but the prices herein pre- 
sented aie in advance of those used in that town. 
Some of the more fundamental prices are given in 
Table 94. 

Table 94.^Approcimale unit prices, Niagara River dittrict. 
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The interceptor estimates have been based upon 
profiles determined from street levels, contour maps, 
or levels run by commission forces. They are ap- 
proximate, but should in total be close to correct 
values. 
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QuaDtities involved in treatment works construe- I 
tion have been determined in similar fashion, but are 
subject to greater variation in the light of detailed 
surveys and of boringa 

The estimates in all cases are intended to include 
allowances for consulting engineer service and for 
royalties and rights of way. Land values for treat- 
ment works are also a pait of the total. 

Operating costs have been based upon assumed at- 
tendance for different types and sizes of plants, with 
provision for supervision, and in the small towns for 
occasional expert inspection. Common labor has been 
estimated at $2 per eight-hour day, and mechanical 
help up to $4.50 per shift in the case of engineers. 



Power costs are on the scale no* charged along th 
frontier with efficiencies of 70 per cent for centrifogil 
pumps and 80 per cent for electrical apparatus. 

The construction or fixed charges and the opentiof 
costs have been reduced to per capita annual amoiniti 
upon the assumption of intei-eat at 4J per cent and li 
an 80-year life for masonry sewers and a 50-year life 
for treatment works. Machinery depreciation ard it- 
pairs have been covered by a 10 per cent annual si- 
lo w a nee. 

For a detailed application of the general princi|>lK. 
reference must be made to succeeding sections of diis 
report; where each town has been considered to tit 
extent warranted by the data. The summary of thfs 
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ppendices is exhibited in Table 95 which is in essence 
the conclusion of this report, to wit — that Niag- 
ara River polhition cun be controlled though not 
eliminated by clarification and disinfection works in 
the several towns for amounts not to exceed those 
shown in the table. 

In order to afford opportunity to judge of the 
financial ability of the different cities to undertake 
works of the nature described, Table 96 shows the 
m unicipal financial statistics as obtaining in 1915. 

^k ISOLATED CONTAMINATION. 

The foregomg relates to sewage pollution from 
riparian municipalities, the investigations having 
been restricted as in the initial studies to pollution 
which originates on the frontier, thus neglecting the 
contamination from inland sources which I'eaches the 
major river through such tributary streams as Wei- 
land River and Tonawanda Creek. Additional to 
these is, tm the American side, at least, a modicum of 
contaminating drainage from isolated lestdences and 
institutions. Notable among these is Niagara Uni- 
versity, situated north of the city of Niagara Falls 
and discharging into a i-avine the wastes from a school 
population of 300. Two sunmaer hotels at Lewiston, 
together with several private residences between 
Lewiston and Youngstown, are also suspected of con- 
tributing drainage to a small amount. On the Cana- 
dian side no such conditions have been observed, while 
Grand Island drainage has been entirely neglected. 

Detailed studies of this residual pollution are 
scarcely warranted by the amount involved, except 
in such cases as that of Niagara University, and can 
well be deferred until the application of remedies to 
the other and more aggravated cases of municipal 
contamination. Effective treatment of residential 
and institutional wastes can be accomplished by 
means of tanks and subsurface drains at a cost up- 
ward of $400 per installation. 

The legislative means of applying remedies and the 
question of a governing organization for their main- 




tenance and control are considered elsewhere as being 
outside the engineering aspect of the problem to 
which this report is limited. 

ORGANIZATTON AND ACKNOWLEDGMENT. 

The engineering studies of interception and treat- 
ment for the Niagara River district have been con- 
ducted by a district engineer and four assistants, 
under the direct supervision of the consulting engi- 
neer, and in harmony with the work of the district 
engineer at Detroit. The personnel and period of 
employment are indicated in the list appended: 

Fropk C. Tulles, distr[ft engineer, March 17, 1915~Aprll 1. 
1W6. 

K. J. Miner, axaistaut engineer. April li-May 15, 191S.' 

H. S. I'hiUiis. assistant engineer, July Q-Decemher SI, 1910. 

B. F. Perry, assistant eii^neer. April 17-December 31, 1815. 

C. T. Warner, draftsman, April 8~December 31, 1S15. 
H. A. Stevens, clerk, March 25-Deceinber 31, 1815. 

Particular acknowledgement is due the work of 
Mr. H. S. Phillips and to the work of Mr. B. F. Perry. 

The former, on leave from the Toronto Department 
ol Public Works, initiated the treatment studies and 
carried through the detailed investigations for Niag- 
ara Falls, Ontario. 

Mr. Perry, in addition to a critical analysis of Buf- 
falo water consumption, collected the data and pre- 
pared the designs, estimates, and report for the city 
of Niagara Falls, N. Y. 

The maps and plans are largely the work of Mr. C. 
'I". Wanzer. 

The work actually done could not have been accom- 
plished save for the cordial cooperation of city offi- 
cials, whose assistance here acknowledged in general 
has been credited in detail in appropriate places. 

Tt is further a pleasure to record the courteous as- 
sistance afforded by Dr. John W. S. McCuUough and 
by Mr. F. A. Dallyn, B- A. Sc., respectively, chief 
health officer and sanitary engineer for the Province 
of Ontario. 
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BUFFALO, N. Y. 

DESCRIPTION. 



The city of Buffalo is situated at the source of the 
Niagara Kiver, with frontage on that river and also 
on Lake Erie. It covers an area of 40' square miles 
and possesses a lake and river frontage of about 9i 
miles. In population it ranks tenth in the United 
states and second in the State, having in 1910 a total 
of 423,715. 

The city is primarily a railroad and industrial 
center, being a focus for several large railroads with 
extensive terminal yards and dock facilities. Aside 
fi-om possessing an important transshipping business 
in grain and coal, Buffalo is the seat of many im- 
portant industries, including metal working, the man- 
ufacture of chemicals, paint and oils, and automobiles, 
and tlie handling of meat products, located here be- 
cause of exceptional transportation facilities by land 
and water, and because of closeness to supplies of raw 
materials and to final markets. The barge canal sys- 
tem of New York State, when completed, will also 
form an outlet for Buffalo freight, and increase its 
importance in this respect. 

Topographically the city is rather fiat, the greatest 
difference in elevation bein^ 120 feet, which represents 
the gradual fall from a knoll in the northeast corner 
of the city to lake and river. Geologically the city is 
built upon the intersection of two benches formed by 
the recession of a glacial lake. In the northern part 
is found an ancient terrace in the form of a limestone 
outcrop, while the balance and major portion of the 
city is surfaced with clay occasionally overlaid by 
sand and gravel. In the southern section a different 
rock formation appears, with surface outcropping of 
shale, which slopes to the bed of the Buffalo Eiver. 
From a construction point of view the geological for- 
mation leads to surface limestone rock excavation in 
the northeastern section, and to occasional rock at 
moderate depth in the area just north of the Buffalo 
River. South of the Buffalo River and along Cazeno- 
via Creek shale is encountered, but the greater por- 
tion of this flat area offers little but sand and clay. 
with occasional deposits of quicksand. Elsewhere 
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clay, mostly red, sometimes blue, with some sand, ] 
dominates. Ground water is met in the vicinity i 
lake and river level. 

DRAINAGE. 

The surface drainage which does not directly r 
the lake, river, or canal, is taken either to Buffs] 
River and its branch, Oazenovia Creek in the southed 
limits, or to Scajaquada Creek in the northern portifil 
Both of these are flashy streams, affording considei 
trouble in time of flood, which, in the case of Buffal 
River, reaches at times to 20,000 second-feet, the i 
off from an interior watershed of 413 square miles,' 

The Erie Canal, which starts at the mouth 
Niagara River and skirts the western edge of the cita 
acts as a barrier between the city and Niagara Rivi 
and in consequence receives much drainage and . 
sewage, which otherwise would reach the river, 
this terminus of the canal the prevailing current >i 
away from the lake, though certain conditions i 
cause a temporary reversal of flow, 

WATER SUPPLY. 

The wattr supply of Buffalo is derived from 1 
head of Niagara River through an intake crib locate 
well out from shore and connected to the piimpii 
station by means of a rock intake tunnel. This intal 
is a relocation of an earlier one situated farther dow 
stream; both intakes are shown in the general map i 
the liver accompanying this report. Treatment ; 
limited to disinfection by liquid chlorine applied at t 
intake pier. From the pumping station the water i 
pumped through the mains to two balancing reser^ 
voirs. the larger of which, at Jefferson and 
Streets, holds somewhat less than a day's supply: l 
small water tower which is connected to the high level 
system holds but 350,000 gallons, so that there is prac-] 
tically no storage. Generally the water is clear anA 
palatable, but on a few occasions during the yew 
roiliness is very pronounced, owing to the effect i 
gales upon the shallow lake. It is possible, but by i 
' Dcpkitmgnt PnbUc Worki Beport, 1903. 



Digitized by 



Google 



POLLUTIOR OF BOUNDAEY WATEBS. 



means certain, that filtration may be an eventuality, 
at least for occasional use.' 

SEWERAGE. 

The waste waters of the city, including domestic 
sewage, industrial wastes, and the storm drainage 
from roofs and streets, are carried off through com- 
bined sewers to the various bordering bodies of water. 
The city is quite well sewered, having, in 1909, 507 
mile£ of sewer, equivalent to 1.22 miles per 1,000 of 
['.opulation, or 15.8 miles per square mile of territory 
drained, as against similar figures of 0.80 and 16.75 
miles, respectively, for 15 of the 16 American cities 
having a population of 300,000 or over.' In 1914 the 
total mileage had become 644, 

Reference to the map, plate 36, will show that the 
city is divided into four major sewerage districts, 
denoted, respectively, as South Buffalo, Swan Street, 
Bird Avenue, and Hertel Avenue. 

The South Buffalo area covers that territory south 
of the Buffalo River, It is not very densely populated 
nor fully developed industrially. It drains through 
several small sewei-s to the Buffalo River, a sluggish, 
tortnous stream, deepened for navigation and con- 
nected to the harbor, which latter is an artificial arm 
of Lake Erie. 

The Swan Street district, so termed from its outlet 
sewer, includes all of the commercial area and a large 
portion of the industrial section, as well as the sub- 
district of Albany Street, which is residential in char- 
acter. The outlet traverses the center of the city via 
Seneca, Swan, and Fourth Streets, and discharges into 
the Niagara River at Albany Street about one mile 
above the International Bridge. Built in 1885, pri- 
marily to secure circulation in the dead end of the 
Hamburg Canal, the Swan Street interceptor is unable 
to carry the burden now imposed upon it, and has 
several relief overflow connections to the former Ham- 
burg Canal, which exists as a covered extension of the 
Erie Canal. Moreover, between the tnmk sewer and 
the harbor and canal are several areas too low to secure 
gravity outlet elsewhere, which discharge sewage into 
both the harbor and the canal. This district, besides 
being the most important from a sewerage standpoint, 
also offers the most troublesome obstacles to an ade- 
quate collection of drainage and to provisions for the 
passage of storm-water overflows. Its lateral drain- 
age includes some old sewers regarding which records 

> Mr. Rudolpb HerlQg. to retmrUUE on tbiB subject. ■■ quoted u bkT- 
tnr Mated. "It In my opinion that nterlllzatlon by either method 
Ibmoehlorlte or ItquM ctalurinc) wtl] aafeguard tbe public heattb at a 
rerj mnch 1awi?t' coat than the adoption of flltratlon at (Mb tlms. A( 
Boon as [hlK dtr Ib preiured to pay tbe coRt or fdvlng the vater at 
all tlmci an eiirelli-iit appearance, flUratlon Is the Bjalem la be 
adopted." (Proceedlngj aUth meeting, lUlnola Water Bopplj Ano- 
daUon.) 

'Bureau ot Ccnaui, General Statlitlfg of ClUea, 1909. BalUmore 
omlClcd. 



as to location and elevation are either incomplete, 
inconsistent, or lacking. 

The Bird Avenue sewer district includes the area 
immediately tributary to Scajaquada Creek, to which 
the sewer at times overflows. It is quite large and 
almost entirely residential. The discharge is into the 
Erie Canal. 

The northern portion of the city, together with the 
adjoining incorporated village of Kenmore, drains to 
the Hertel Avenue trunk, which carries its dry-weather 
flow under the canal to a river outlet. The storm 
water is overflowed into Cornelius Creek, a short dis- 
tance east of the river. 

The Swan Street and Hertel Avenue outlets ai-e sub- 
merged; Bird Avenue discharges above mean lake 
level, while the numerous other smaller lines exhibit 
considerable variation in this respect. 

Table 97 is introduced to exhibit certain character- 
istics of the areas previously described. 
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STORM WATER. 

Although the sewage of Buffalo is on the com- 
bined principle, there are some individual drains too 
small to carry any great proportion of storm flow. 
The matter of storm drainage is not of direct interest 
to this report, but does enter into a consideration of 
the means of collecting sewage. Table 98, while not 
comprehensive, includes a few of the more notable 
examples of small capacity, and for purposes of com- 
parison some of those judged normal by Buffalo 
standards. 

As will be subsequently developed, the total inter- 
cepting sewer capacity derived for 1950 conditions is 
equivalent to 0,025 inch per acre per hour from tlie 
whole city area, an amount which is less than all but 
the last of the sewers instanced in the table. In each 
case the capacity noted is that flowing full, no account 
being taken of possible capacity when surcharged. 

A study of the proper basis of design for Buffalo 
storm sewers is outside the scope of the present in- 
quiry. Studies made by the Bureau of Engineering 
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from diita furnished by the United States Weather 
nurenii lead to a rainfall intensity curve of the form — 



1 = 



11 



I = Intensity in inches per hour 
T=Time in minutes 



as inclusive of all but three storms in a period of -19 
years, and with the intensities of these excluried 
storms falling quite close to the line of the curve. 
Accumulation curves derived by C. H. Tutton. former 
assistant engineer, have the equations — 

1=0.65 V" 

1=0.50 T'" 

for ''very heavy" and "heavy" rains, respectively. 

The meteorological data applicable to Buffalo, as de- 
rived frtmi 43 years' record,' are : 
Tempera t lire : Mean, 46.9° ; range, +95 to —14°. 
Preclpltntliin, mean. 38.89 irifhefi. 
Snowfall. meaD GeBsonal. 75.9 inches. 
Prevailing winds, rrom southwi-rt. 

Tauu 88.— B*i»(tnfl nftcer capacUiet, Buffalo, fi. Y. 
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LAKE AND RIVER ELEVATIONS. 

Lake Erie has a water area of 9,968 square miles, 
hut generally, and particularly at its eastern end, is 
comparatively shallow. Its outlet to the Niagara River 
is over a natural weir or reef, through which exist 
both natural and artificial channels. The elevation 
of Lake Erie and its fluctuations from the mean have 
direct bearing upon sewer capacities and upon the 
elevations proper for treatment works. 

Within the period 1898-1914, inclusive, the auto- 
matic gage at Buffalo Harbor has recorded a variation 
of from minus 5.0 to plus 6.7, with zero at elevation 
'>T2.8 mean sea level. In the same interval the yearly 
means have ranged from minus 1.38 to plus 0.17.*. 

I Unatblr and Annaal Mtteorolofrlcal Summary wltb ComparatlTF 
D«t» of Buffalo, S. Y. Dnvrd Cuthlwrlson. Dlitrlct Koreraeler. 

< Bulletin No. 24. Survey ot NoKbcni and NorthwMteni Imix*. April. 
1815. C. S. Wsr Depanment 



A more detailed study of the automatic gage record 
indicates not only the extreme changes recorded above, 
but also that within narrower limits the lake surface 
is exceedingly mobile, with larger rapid changes in 
accordance with wind and other meterological condi- 
tions, and with consequent seiches covering zones of 
varying amplitude for indeterminate periods of time. 

To illustrate, for the period 1900 to October, 1915, 
inclusive, there is shown in Table 99 the average nimi- 
ber of days per year when the lake reached any given 
stage. The table generally does not include those 
changes which were of luss duration than one hour, 
or did not exceed the given stage by more than 0.1 
foot, unless there occurred a slight rise coupled with 
long duration. This classification was designed to 
exclude those variations estimated as too slight or of 
too short duration to materially affect elevations at 
treatment works sites. 

Table 9B. — Lake Brie ataget, period 1806 to October, 191S. 
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Table 99 is not comprehensive, and for detailed 
studies should be amplified by recourse to the auto- 
matic i-ecords which are obtainable back to 1899. It 
does illustrate the frequency of variation. 

Niagara River as the outlet of Lake Erie is subject 
to an increase of discharge following lake rises, but, 
owing to the pronounced slope of the water surface, 
the consequent variation in level is neither uniform 
nor so pronounced. The question of these water sur- 
face curves has been carefully studied by the Inter- 
national Waterways Commission in connection with 
proposed regulation of Lake Erie by means of a sub- 
merged weir in the Niagara River at or above the out- 
let of Welland River. Table 100 is abstracted from 
the final report of the Commission.' The compen- 
sated stages are those computed to result from the con- 
struction of the weir. 

The total discharge of water from Lake Erie is 
211.200 cubic feet per second, wluch includes a flow 
of 1,000 cubic feet per second through Erie Canal and 
1,100 cubic feet per second through Welland Cacal. 
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TREATMENT SITES AND COLLECTOR. 
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The items to be considered in connection with the 
lection of treatment sites ai"e proximity to sewer 
itlets, availability of suitable point of discharge, re- 
moteness from residential sections, and the area and 
cost of land obtainable. 

So far as known, the existing sewer outlets of 
Buffalo total to 82 and extend along a water frontage 
of about lOJ miles. Table 101 shows a subdivision 
of these according to the point of discharge and to 
site. 



Table 101.— jVumfier of «e 


irer oittleU, Bu 


ffato, N 


Y. 


'^"°"""" j S. 


Mnoh 
ST4D0b. 


sf^.^ '^ 


vri-n..,.i 


", 


» 


1 






3 






« 












37 


U 


10 









Some of theee outlets, including 11 noted as dis- 
charging into the canal, are in reality overflows carry- 
iiig but little if any sewage; others are relatively un- 
important. 

An examination of the sewerage map, Plate 36, dis- 
closes a subdi^nsion of sewerage into main groups as 
follows : 

(a) A northern group consisting of three main 
systems — Swan Street, Bird Avenue, and Hertel 
Avenue — discharging within a distance of 2^ miles. 

(() A miscellaneous assortment of drains in South 
Buffalo with no definite system as a center of dis- 
charge. 

(c) Between these two groups a number of widely 
scattered sewers, none important by itself, and gen- 
erally serving some small marginal river area. 

Such an arrangement leads tentatively to a decision 
in favor of two treatment sites, one in the vicinity of 
Bird Avenue as requiring interceptors of a minimum 
size, and the other at some central point in South 
Ituffalo, 



The only alternative to the centralization of sewage 
at two major works is either a combination into a 
single plant, or else the multiplication of treatment 
works up to a maximiun equal to the number of sewer 
outlets. The first possibility has been reviewed with 
conclusions to be presented hereinafter, but the alter- 
njtive leading to the construction of numerous, or at 
the best, of several plants, has not been studied very 
seriously for several reasons. 

1. To obtain the advantages of locating sewage- 
ti'eatment works at reasonable distances from resi- 
dential and commercial districts, the choice of sites is 
limited. This restriction is particularly applicable to 
a number of sewers located in the center of the city. 

2. The multiplication of plants, while securing a 
saving in the construction cost of intercepting sewers, 
and in pumping operation, is at the expense of 
economy in both the construction and operation of 
treatment works. This excess is found not only in an 
increase of land required, and in the duplication of 
pumps, tanks, screens, etc.. but also in e.xtra labor, 
additional overhead charges, and as regards disinfec- 
tion, in lack of economy in applying the chemical to 
small flows. 

3. Many plants if located economically from the 
interceptor i-iewpoint would be situated to discharge 
into sluggish water, with consequent necessity for a 
higher removal of organic matter than would be re- 
quired otherwise. 

These reasons have appeared to warrant adhesion 
to the original plan of reasonable centralization, par- 
ticularly as the total cost of intercepting sewers needed 
for consolidation of the sewage is relatively small in 
comparison with the total cost of the system. 

Further study of the matter of disposal sites is pos- 
sible only in combination with a study of the means 
and cost of collection. 

COLLECTORS. 

In all there have been outlined some seven projects 
for the collection of sewage, of which two relate to the 
possibility of treating ail the city sewage at one point. 
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In the presentation which follows it will be understood 
that none of those described is a complete system of 
collection, there having been eliminated a number of 
local and marginal lines which are common to all. 

fREATMENT AT SINGLE SITE. 

Owing to the preponderance of sewage now dis- 
charged below the city water intake, the assumption 
hns been made that any single plant would be located 
in that section, and speciGcally on or near Squaw Is- 
land, which is the fociis of thre« of the four existing 
main drainage divisions. 

It is this project that was treated in the 191^ report 
of llering and Gregory to Mr. D. E. Knowlton, upon 
the availability of Squaw Island as a site for sewage 
disposal works for the city of Buffalo. Tlie following 
excerpts are from that report: 

In our Btu(]le§ we have assumed that the sewnge from South 
BiifTalo would be treated at and disposed of from Squaw 
Island. la order to accomplish thla It would be QecesBarj to 
pump the sewage from South Buftalo under Buffalo Creek and 
up Into some sewer either existing or which would have to be 
built, through which the sewage would find its way to the 
pumping station or to the pipes leading to Squaw Island. 
Thla method of OiBposIng of the sewage of South Buffalo 
would not he a dlfHcult matter, and in many ways It would 
be simpler than to build independent sewai;e disposal works 
for South Buffalo alone. 

We have not gone into the relative merits of the tn'o 
methods, as we consider that either would be feasible. 

In conclusion we would say that as the result of our 
studies, we are of the opinion that Squaw Island afCords an 
excellent site for the location of sewage disposal works for the 
city of Buffalo. 

PROJECT U— PLANT AT SQUAW ISLAND. 

(a) To collect the sewage of South Buffalo by grav- 
ity to the existing pumping station at Hamburg Street, 
thence lifting to the present Swan Street interceptor, 
with extension of the latter to Squaw Island. 

(h) To divert from the Swan Street interceptor the 
sewage now tributary thereto in order to render it fre« 
to accommodate South Buffalo drainage; this to be 
accomplished by the construction of a paralleling in- 
terceptor of somewhat similar size. 

(c) To intercept from Hertel Avenue and carry 
south to Squaw Island. 

PBOJECT IL— PLANT AT BQDAW ISLAND. 

Similar to Project I, except with provision for a 
smaller paralleling interceptor than is there called 
for, supplying the deficiency by utilizing the present 
Swan Street interceptor as a force main. 

TREATMENT AT TWO SITES. 

Projects involving treatment at two sites include 
the construction of works at Squaw Island to car« 
for the sewage of Swan Street, Hertel Avenue, and 



Bird Avenue, and in addition provide for the lo( 
treatment of Smith BufFalo sewage. 

In choosing possible situations in South Buffalo 
the most attractive from the collector cost standpoint 
is one involving location at or near Buffalo River in 
the vicinity of Abbott Road. To anticipate certain 
objections to this site a second has been tentative^y 
fixed in the general vicinity of Tifft and Hopkitf 
Streets. 

PROJECT III,— PLANTS AT SQUAW ISLAND AND 



(a) To extend the existing Swan Street sewer ( 
Squaw Island and to construct a duplicate of the n 
sewer of such capacity as to accommodate the v/\u^ 
sewage flow in this district. 

(6) To intercept the sewage from Hertel Avra 
and carry to Squaw Island. 

(o) To collect South Buffalo sewage for treati 
at Abbott Road and Buffalo River. 

PROJECT IV.— PLANTS AT SQUAW ISLAND AND AB 

(a) To extend the existing Swan Street sewer ( 
Squaw Island and to relieve this sewer at its uppj 
end by diverting to Soutli Buffalo the subdistricts 4 
Bailey Avenue, Babcock Street, Fillmore Avenue, i 
Emslie Street. 

(6) To intercept and carry Hertel Avenue ( 
age to Squaw Island. 

(c) To collect the sewage of South Buffalo to jui 
tion with the Swan Street diversion at Abbott ] 
and Buffalo Creek. 

(d) To supplement the lower end of the Sw 
Street sewer by a duplicate up to Carolina Street, | 
be built at a future date. 

PSOJBCT V^PLANTB AT SQUAW ISLAND AND TIFPT I 

Similar to Project III, with South Buffalo 1 
mcnt at Tifft Street and Hopkins Street instead I 
at Buffalo River. 

PBOJECT VI.— PLANTS AT SQUAW ISLAND AND Til 

Similar to Project IV, with South Buffalo tres« 
ment at Tifft Street and Hopkins Street instead < 
at Buffalo River. 

PROJECT VII.— PLANTS AT SQUAW ISLAND AND TD 

(a) Extension of Swan Street interceptor to Sqiu 
Island, with a duplicate interceptor to Genesee Sti 
and future extension thereof to Michigan Street. 

(6) To divert from Swan Street the subdiBtriof 
of Bailey Avenue and Babcock Street. 

(c) To collect the sewage of South Buffalo and I 
conjunction with the diverted Swan Street sewage ti 
treat at Tifft Street and Hopkins Street. 

(d) To intercept the Hertel Avenue sewer i 
carry to Squaw Island. 
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Rough estimates of the cost of these various projects 
have been prepared upon the basis of $4 > per lineal 
foot per foot of diameter for masonry sewers, and 
$2.50 in the case of pipe sewers, these being unit 
figures obtained from some detailed estimates of simi- 
lar lines. The results are shown in Table 102. 



Pn4«lNo. 


Lengtb. 


Odrt. 


BBteUvB 

TBOkU 
to Mist. 


asonlty. 




Fas. 

fi>,»0 
»,IOD 
M,»0 
M.SOO 
91,300 


11,861,000 
1,710,000 

I,M1,0IW 
1, DM, 000 

i,ai!,ooo 
i.ua.Doo 

1,M1,000 


















^ 

















jVs baa been pointed out, the costs in Table 102 are 
not absolute ; they are relative., omitting several items 
which are common to all the projects, and in addition 
neglecting the important pumping plant operation, 
which is not constant, but which can be allowed for in 
a comparison of any two. 

The figures given show a fii-st-cost saving in the 
case of Project IV, which utilizes the existing Swan 
Street sewer to the limit of its capacity, with treat- 
ment at Squaw Island, and which relieves that sewer 
by diverting a portion of its tributary area to South 
Buffalo for treatment with South Buffalo sewage at 
Abbott Road. This project also involves the discharge 
of treatment works effluent into Buffalo River, which 
at Abbott Road is a channel 140 feet wide and about 
12 feet deep, forming an artificially deepened arm of 
Buffalo Harbor. The drainage area of the Buffalo 
River and its tributaries has been given at 413 stjuare 
miles, but there exist no data as to normal or minimum 
run-off. In field investigations the commission engi- 
neers have been unable to observe any measurable 
velocity in the river at its channel section, but crude 
measurements at the Cazenovia Park Dam of Caze- 
novia Creek indicate that a total dry-weather flow 
of not moj-e than 40 second-feet from the whole area 
must be expected at many times during the year. 
Under the terms of Project I\' the stream should be 
prepared to accept treated sewage up to a 1930 aver- 
age discharge of 100 second-feet, and to insure absence 
of nuisance under such conditions would necessitate 
a very high degree of treatment. This treatment 
would probably take the form of filtration, and esti- 
mating the excess construction cost of this process at 
a minimum of $12,500 per million gallons daily. 
$800,000 would be added to the cost of the South Buf- 
falo installation. This amount, added to the inter- 

> Compare wllb ntill tan oC Table 1M. 



93 

ceptor cost as given, is sufficient to render the total 
larger than that required for Project VI, which ac- 
cordingly has been favored as offering the most eco- 
nomic solution of the problem. 

Project VI is similar to Project IV, except that the 
treatment works effluent is taken to Che harbor. A 
study of the ability of harbor waters to absorb and 
dilut« treatment works effluent took the form of short 
time current-meter measurements at the south and 
middle breakwater entrances. In each cawe the results 
were positive and definite, indicating a total movement 
of 40,000 second-feet from the lake to the harbor under 
the conditions then obtaining. The velocity off Tifft 
Street was recorded at 0.9 feet per second. The lake 
at the time the ga^ngs were made stood at elevation 
572, that at the upper end of the lake at Amherstberg 
being about 572.7 ; wind was from the southwest and 
strong, and the lake choppy. 

SABBOa ODTLKT. 

More elaborate studies of local currents, conducted 
by Dr. George E. Fell during May and June, 1903. 
are described with charts in the Journal of the ^imer- 
ican Medical Association.' These experiments con- 
sisted of a series of float determinations of littoral 
currents undertaken in connection with the effect of 
Smokes Creek pollution upon waters proximate to the 
Buffalo water intake, Smokes Creek being a small 
stream which carries the sewage of Lackawanna and 
empties into the lake U miles south of the south 
harbor entrance. Dr. Fell, who was formerly United 
States assistant engineer at Buffalo, showed that 
under conditions then obtaining the currents from 
even a considerable distance from shore were positive 
and definitive in tending toward and entering the 
south and middle entrances; that opposite the Buffalo 
River mouth there was some movement outward, but 
that this water, together with the balance of the har- 
bor water, converged toward the American shore to 
the extent of justifying the conclusion that littoral 
currents did not reach the immediate vicinity of the 
water intake as at present located. 

These experiments confirm the conclusion derived 
from the investigations of the Commission that there 
is in the harbor a movement of water sufficient in 
amount to absorb the treated sewage from South Buf- 
falo. Also they attempt to go further and establish 
ns a fact that littoral currents, and consequently har- 
bor waters, do not reach the waterworks intake. 
These observations did not cover many variations of 
meteorological conditions, ond it is now known that 
the eastern end of the lake may for a time be main- 
tained at a higher elevation than that of the western 
or inlet end. Such conditions are presented in the 
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1896 Report of the United States Deep Waterways 
Commission.' Irrespective of what this may mean 
as to the disturbance of general lake cuiTents, it signi- 
fies an occasional reversal of local currents, which at 
Buffalo may cause the polluted water of the harbor to 
reach the intake. This, together with drift of harbor 
ice, are the conditions exceptional to those established 
by Dr. Fell's observations. 

The direct water distance from Tifft Street to the 
intake is 4 miles, and were the current direct at a 
velocity of 1 foot per second, a time interval of 6 liours 
would be necessary for the passage of material from 
an outfall at Tifft Street to the intake, where the water 
supply disinfectant is applied. 

Decision in favor of a South Buffalo site has been 
reached upon several grounds — 

(1) The treatment contemplated includes chemical 
disinfection capable of destroying 98 per cent of the 
pathogenic bacteria. 

(2) Evidence exists to the effect that only ou occa- 
sions does harbor water reach the Buffalo intake. 

(3) Much, though not all, of the sewage which a 
South Buffalo plant would treat is now discharged 
raw into the Buffalo River, and apparently exerts no 
continuously adverse influence on the water supply. 

(4) An effluent at Tifft Street is no closer to the 
water works in time than is a plant at Squaw Island 
til the intakes of Tonawanda, North Tonawanda, 
Lockport, and Niagara Falls. 

{'}) The existing treatment of Buffalo water is de- 
signed for and is adequate to destroy occasional and 
attenuated contamination. 

FACTORS OF DESIGN. 

POPULATION. 

The population forecast necessary for the determi- 
nation of future sewerage needs has been based upon 
percentage increase cuivee derived from each of two 
groups of cities over the same period of time. 

Group 1 includes Clevuland, Rochester, Syracuse, 
Albany, and Buffalo, cities designed to reflect geo- 
graphical conditions. 

Group 2 includes Chicago, Philadelphia, St. Louis, 
lioston, Pittsburgh, Baltimore, and Buffalo, cities 
chosen to fix any relation between nze and rate of 
growth- 
National census returns from 1840 to 1910 were 
plotted for each of these groups in curves having as 
abscissae the years, and as ordinates the percentage 
increase for the decade previous. The different curves 
in each group were combined into a smooth average 
curve which was projected graphically to the year 
1950. 



' Sre also Wlod Veloeltjr ud nnctMtloni of Water Lerel on L«lie 
lih-te. Wcalber BaUeUn No. !«2. U. B. IMpartmeQt of A(rleaitDre, 
WtallJM Ballatm J. 



With the percentage increases fixed for group 1 ai 
group 2, those for Buffalo were interpolated by t 
proportion existing between the average populatio 
for 1910. These, with the resulting population ff 
are also shown in Table 103. 



! 103. — PopalatUm increiwi. 



\<magt populatlen, 1 
Pio]«cWd percentagt 



Onnip 1. Oroup 2. 



figari 
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On plate 33, in addition to the projections 
Groups 1 and 2, as applied to a population of 423,7 
there are exhibited the performances of Group 2 (at 
after they had passed the 1910 population mark 
Buffalo. These are shown for cpmparison only, a 
do not enter into the forecast save as they appear 

The final figure of 800,000, representing an averi 
population density of 39 per acre.' is high, and iai 
intended for the actual population to be expected 
1950, but is that Bgme which, in conjunction w 
judiciously selected sewage flow units, will render i 
sewers of size adequate to all needs within the peri 
of design. Also it will compensate to a reasona 
extent for unavoidable errors in the distribution 
population as resulting froici unforeseen stages in i 
city development. 

CITY DEVELOPMENT. 

In Older to effect a distribution of the total popu 
tion among the several drainage districts, use has b 
made of a United States Census eniuneration disti 
map prepared by the Bureau of Engineering, and 
the ward figures obtained from the State cens 
Various groupings of these data have been made 
eliminate occasional changes in ward boundaries, i 
have resulted in the derivation of varied rates of 
crease for different sections of the city. The deti 
are not shown, but the gross i-esults are exhibited 
subsequent tabular statements of sewage quantities. 

Allowance for drainage other than domestic 1 
involved an industrial survey, which was conduc 
by first spotting on a map a large number of classil 
industrial establishments listed in the 1913 Industi 
Directory of New York, supplementing this witl 
number of field inspection trips arranged to cut 
city by sections, and to trace out water and rail tn 
facilities. The results are given in Table 104. 

■ 33 par tcre at irboU dt; •»■ : 39 per *er« or btbabltad irM. 
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Pollution of Boundary Waters. International Joint Commission. 
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dustrial and commercial consumption, though any de- 
duction from such ratio must, of course, be tempered 
by allowance for the character of industries. 

Table 108, which exhibits data from United States 
Census Bureau reports, gives for certain cities, se- 



t^LLtJTION or BOtJNDAKY WATEBS. 



lected at random, the 1910 population, the 1909 " 
persons engaged in industry," and the ratio betwi 
the two. The cities cited cover a wide range of c 
tions, and all have lower per capita rates of water e 
sumption than Buffalo. 



Tablb lOr.—Waier consumption, Buffalo, N. Y. 
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This table is not in itself conclusive, excluding as it 
does railroad operation and probably also gi'ain trans- 
shipping, liut it does indicate that Buffalo is no more 
e.sseiitially industrial than are other cities of its size, 
and hence that the high water consumption is not 
primarily -dno to the intensity or to the character of 
husinesB. 

Tabu 108.— /ndtutrtel and totat population. 
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The fact is that the large consumption of water in 
Buffalo is due primarily to the low cost ($0.02 per 
thousand gallons) and nothing short of an increase 



I New York stale c* 



> Cslandar yMi IdU 



in the price of the water itself, following filtratid 
or in the cost of disposing of it in the form of s 
niaj" be expected to cause a return to normal rates.' 

It is recognized that the general tendency, even undl 
meter control and reasonably high rate.s, is towan 
small per capita increase, but such a tendency is i 
plicable only to normal conditions, and the prt 
instance, with correlated facts, is held to warrant \ 
assumption of future per capita decrease. Specificf 
the consumption has been projected to a total i 
221.6 million gallons daily in 1950, which, with i 
population of 800.000, gives a gross per capita i 
of 277 gallons daily. 



PEBIODIC FLUCTUATIONS. 



The daily pumpages for the calendar year 1914 haS 
l>een compensated to allow for fluctuation in the led 
of the balancing reservoir. The result is exhibited % 
plate 34, on which are also plotted the precipitaf 
and mean temperature graphs. The facts outstaa 
ing from these diagi'ams are the equable sun 
of water and the quick response of the consumption % 
a lowering of the temperature below freezing. 



■ Altbomb Id iei4 but 4.S per 
^1 per cent of tbe total >uppl;, t 
reglBtereil tn tbl« waf- 
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POLLUTION OF BOUKDABT WATEBS. 



rcgnte the fluctuations, monthly summarios of in- 
dustrial, coramcicinl nnd domestic have been made to 
the estent slioirn in Table 109. 
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[onthly plottings of Table 109 consumptions, to- 
gether with the totnls for high and low water service 
districts, indicate clenrly that tlie bnlli of the winter 
rise occurs in the low service district, nnd that it is 
not due to railroads or to industrial plants. In the 
low service district, which generally covers thnt area 
south and east of Genesee Street,' the prevailing 
residences are of medium or of low cluss, in many 
instances without cellars, and housing the greater part 
of the foreign elements of Buffalo's population. 

Table 110. — Charactetitttca of hourly record dan; Buffalo, y. T. 
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More detailed studies of the consumption are most 
conveniently made by excluding the low temperature 
rates, which have been considered separately, TIuis 

1 At tfaa Um* lli« itudle* were mftde the h1i;b hftIm dUtrlet >ii<l 
•■d low icrrlM diairlct wen not lataimiuMCUKL 
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by deducting the subtotals for December, February, 
und March, the yearly average is reduced from 147.1 
to 141 million gallons daily. 

Hourly variations have been developed from the 
records of seven days. These days have been chosen 
to avoid any sudden changes in meteorological condi- 
tions, nnd this precaution, coupled with the necessity 
of securing complete hourly records, has limited the 
field. 

Smooth curves have been superimposed upon the 
daily graphs to exiiibit typical curves applicable to 
both "winter" nnd to "summer" conditions. The 
latter shows a maximum hourly rate which is 119 per 
cent of the average for tlie curve, or 120 per cent of 
the total "summer-time" hourly average. This rela- 
tion is typical, but misses many liigh peak days and 
hours. Plate 35 shows the curves, while Table 110 
includes data relating to tlio days considered. 

The maximum rate of 120 per cent is typical, not 
only of the consumption, but also of the run-off to 
sewers, provided there is no loss between. Also it is 
applicable only to large districts, though if these be 
large enough the overlapping of time factors of flow 
may cause n peal; from one subarea to synclironize 
with a descending or ascending portion of the curve 
from another. Jn the case of the Swan Street inter- 
ceptor, this diminution amounts to 5 per cunt of the 
average of the maximum rates at the outlet. 

The ratio of 120 per cent is smaller than that which 
generally obtains, nnd only for the maximum day 
does it approach the 150 per cent figure often noted. 
This condition may be attributed to a high basic rate, 
which includes abnormal leakage, and which in minor 
degiee reflects a disproiiortionate commercial or indus- 
trial use of water. 

SDBDmSION OP USES. 

Industrial. — Industrial water consumption to the ex- 
tent of 17.5 million gallons per day has been aU- . 
stracted from meter records, which are available for 
the larger consumers only. The New York State In- 
dustrial Directory gives a measure of the workmen 
employed in the metered establishments, nnd, by ap- 
plying the resulting per capita amount to the total 
number of workei's, it is estimated that present-day 
industrial consumption may be set at 29 million gal- 
lons daily. 

A number of industries, including all those for which 
water consumption data were secured, have been spot- 
ted upon a map to dcHnc five present and typical iudiia- 
trial ni-cas. The known wnter consumption in each 
area has been totaled and increased by 05 per cent, aa 
being the inci'ense from known to total indu^Kriiil con- 
sumption. The results, with conclusions, are exhib- 
ited in Table 111. 
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POLLUTION OP BOUITOABT WATBBB. 
Tabuc 111. — BubdivHim of indiutrial tcater oonnmptkm, 1914, Buffalo, N. 7. 
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Theee units applied to measured areas give the fol- 
lowing sumiuary, in which a per capita allowance has 
been added to insure wide distribution, and thus em- 
brace numerous laundries, restaurants, small hotels, 
etc, which use wat«r in excess of a domestic allow- 
ance. 
Tabu H2.~Totat induflrial lonler coniivmptiim, Buffalo, AT. Y. 
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I At igkiiut 31 U. O. D. pnvlaiul; <I(rlTsd. 

Conuneroial. — The use of water by hotels, stores, 

office buildings, and the like has been fixed arbitrarily. 

The meter records of the 44 hotels, etc., previously 

summarized with a total of 2.44 million gallons daily, 

are for establishments which fall within a small 

area. Applying this area to the total, there results 

2.44 M. G. !>■, o,,™ 11 J 
=2 — — i or 34,000 gallons per acre per day. 

On the other hand, extracting certain of these sit- 
uated on Main Street between Seneca and Huron 
Streets and estimating the percentage of the area in- 
volved, there results a rate of 68,000 gallons per acre 
per day as the present rate applicable to the prin- 
cipal shopping and office building district. 

The units set have been rates of 40,000 and 20,000 
gallons per acre per day as the future and present 
average consumption, each applied to the same area — 
to the future commercial district of 56S acres out- 
lined upon the industrial map. 

Domestic. — Attempts have been made to segregate 
industrial and commercial utilization of water, to 
which may be added a known metered amount of 
6.5 million gallons daily as that consumed by all the 
railroads. The total of these three items is 46 mil- 
lion gallons daily. 



A study of domestic rates from the meter records is 
attended by the difficulty that such are limited to tJie 
larger consumers, or, in other words, to high-class 
residences. Forty-six of these have been abstracted, 
and in the case of 18 have been supplemented b; 
house-to-house canvasses to give Table 113. 

Table 113. — Dumeatic water contumpHon. IS rcHdencn, 
Buffalo, N. Y. 
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The average of 167 gallons per capita daily is inclu- 
sive of lawn sprinkling, which in Buffalo is quite exten- 
sive. Deduction of this allowance has been effected 
somewhat arbitrarily by dividing the gross into 38 gal- 
lons for sprinkling and 129 gallons per capita per day 
for all domestic uses. The latter figure can not prop- 
erly be applied to the whole city, but a reasonable 
reduction to the average may be secured by employii^ 
the relations given in Table 114. 

Table 114. — Relative domeitic icater conaumplton.' 4^H 
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The Buffalo quantity has been identified as belong- 
ing to " First-class dwellings," and in consequence its 
amount is 159 per cent of the average for the whole 
city. The resulting average is 80 (81) gallons per 
capita daily. 

The method of establishing this domestic rate elim- 
inates main leakage, but includes waste of water or 
lavishness in use. It is quite possible that the waste 
included may be reduced, but meters, if installed, are 
really no check at prevalent rates, and it further ap- 
}>ears probable that the activities of the waste and 
leak service of the bureau of water will be confined to 
the grosser industrial and line leakage losses. For 
these reasons the future rate has been set at 75 gallons 
per capita, which embodies a small decrease, in con- 
formity to the plan previously described. 

Water not returned to Mwers — Lawn sprinkling. — 
In the subdivision of the domestic consumption, 38 
gallons per capita daily were set aside as due to lawn 
sprinkling. Considering the class of residences for 
which the meter records were available, and recogniz- 
ing that in some sections this use of water is negligi- 
ble, it is believed that an allowance of 20 gallons per 
capita per day during three months is fairly applicable 
to the entire population. 

This figure, which is equivalent in total to 9 million 
gallons daily during the sprinkling season, it is difH- 
cult to authenticate. However, referring to plate 34, 
the first week in June, representing, perhaps, the open- 
ing of the sprinkling season, shows rather abrupt 
changes in consumption, amounting to 8 or 10 million 
gallons daily. It is also characteristic that during 
the summer a rainy period is followed by a drop and 
subsequent increase in consumption of from 4 to 9 
miUion gallons daily. Recourse to hourly rates is not 
conclusive, for while between the hours of 4 p. m. and 
7 p. m., August 8 shows an increase of 3 million gal- 
lons over the consumption for September 26, this 
amount diminishes when the normal difference be- 
tween the rates of the two days is eliminated as due 
in part to other causes. 

However, if none of these considerations serve to 
ertablish a definite sprinkling allowance, they do not 
vitiate that assumed, and may be regarded as support- 
ing an amount proximate to the summer figure of 20 
gallons per capita per day, or 5 gallons per capita 
per day throughout the year. 

Railroads. — The railroad use of water is definitely 
fixed by bureau records at a total of 6.5 million gal- 
lons daily. Circular letters to the railroads estab- 
lished the fact that 82 per cent of this is used for 
locomotive tenders, and is hence not returned to 
sewers. This is equivalent to 11.8 gallons per capita. 

In establishing the units, the present consumption 
of 6.5 million gallons daily has been extended to 10 
million gallons daily as the future amount. This in- 
crease is not quite proportional to that in population. 



Leakage. — Under previous headings the following 
particular consumptions have been segregated froh. 
the whole: 

HnuoB ^lOU dSUj, 

Induatrlal , 2».0 

Commercial ^ 11, 4 

HalU-oads 6, 5 

Domestic 36.0 

Sprinkling 2. 3 

Sum 85,2 

The total is 141 million gallons daily, leaving 55.8 
million gallons daily to be attributed to waste and 
leakage. Examination of the night flows of the 
"summer" day curves of plate 35 shows a variation 
of from 76 to 83.5 per cent of the day's average as 
representing the minimum hourly rates. Published 
records,' which of course include what might be termed 
normal waste and normal leakage, generally fix the 
minimum night flow at about fiO per cent of the 
average, and if this rate be applied mathematically to 
the minimum and average hourly rates for the five 
days between August 8 and December 12, there results 
waste and leak figures of from 57.8 to 77.8 million 
gallons daily, if the waste be uniform throughout the 
day. 

The only possible conclusion from these data is that 
the previous allowances for useful consumption have 
been liberal, and that the resulting waste and leak 
figure of 55.8 million gallons daily — nearly 40 per 
cent of the supply — ^is a quite conservative estimate. 
It is pertinent to here quote the experience of Niagara 
Falls, where pitometer surveys led to the opinion that 
over 30 per cent of that city's supply is " unaccounted 
for." AJso, as far back as 1894, Mr. L, H. Knapp, in 
referring to the 1894 per capita consumption of 252 
gallons daily,' estimated 70 per cent of this amount 
as wasted. 

Xo subdivision of the total amount of 55.8 million 
gallons daily is feasible, but to give a working hy- 
pothesis, 50 per cent has been ascribed to each of the 
losses; that is. 28 million gallons daily is regarded as 
leakage from mains, and the balance as waste. The 
leakage, if distributed over the whole system, is 
equivalent to 46,000 gallons per mile per day. 



Tabib 115.— Apt' ol water-tlittribution mains 
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POLLUnOK OF BOnWDAHT WATEBS. 



*It is apparent that the figures offered are pure specu- 
lation, but they, together with the others Id analysis 
of the water consumption, are reproduced to present 
all the data at hand, in order that their infliience upon 
the final result may be determined. 

BEWA6B DNtTS. 

Of the total water consuuied, a certain portion does 
not reach the sewers.' 

Tabuc im.^U'afcr cotiMimeit but not delivered to *eu>ert. Buf- 
falo. V. r.. 19U. 



Table 117. — Derivation of tndtittrial lewape uMli, Buffalo, .V. T 
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The figures in Table 110 are applicable to 1950 con- 
ditions. The item "retained in manufacturing" has 
been determined from a series of circular letters' sent 
to large industrial users of water, while the " leakage — 
lost " represents an estimate of the proportion of the 
total leakage which seeps away, or which may be 
included in the ground water infiltration figure which 
forms a part of the total sewage quantity.* 

The industrial use of water is generally limited to a 
period of 10 to 12 hours, but some manufacturing 
processes, including some of the larger users, are con- 
tinuous, or nearly so. Table 117 exhibits the infiuence 
of this condition in proceeding from the water con- 
sumption units to those for sewage flow. 
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< O. C. D.— OaUon* p« capludallx. 

The commercial unit of 40,000 gallons per acre [ 
day, being in itself quite arbitrary, has been ari 
trarily increased by 50 per cent to a run-off of 60^ 
gallons per acre per day. Such a rate apportii 
somewhat less than one-third the total to hotels, 
discharge sewage over a longer period than do ( 
buildings and stores. 

The domestic run-off has been increased in the ratio 
previously established for the relation of maximum to 
average of the whole water supply, viz, 120 per cent, 
which, applied to present and future rates of 80 and 
75 gallons per capita, gives rise, respectively, to 96 and 
90 gallons per capita. 

Winter consnmptioa, — The analysis presented being 
based upon a derived "summer" average water con- 
sumption, there remains to consider the influence of 
the winter time increase. 

A study of the monthly consumption totals haa 
shown the built of the winter use to lie largely within 
the limits of the low service district, and a comparison 
of the curves for high and low service indicates that 
of the total cold weather run-off, 60 per cent can be 
ascribed to that district. 

Plate 34, the log of daily pumpage for 1914. gives 
a maximum day's total of 204 million gallons; pre- 
vious studies have been based upon a rate of 141 
million gallons daily; the transformation is best 
shown in equation form, bearing in mind that Plata 
85 of the the hourly variation shows the maximum 
hourly cold weather use to be 114 per cent of the aver- 
age,' and that the low service population as of 1914 
is estimated at 207,000. 

2M — 141=63 M. O. D., maxlraum day'a winter time increnw 
GSM. O. D.xeo per cent= 88 M. O. D.. total of nmxlmuni day's 

Increase In low-flervlce district. 
B8 M. O. D.X1.14=43 M. O. D.. maximam rate of winter time 

Increase In low-8ervlce district. 
4S M. O. D.-^2(^■,000=209 gallons per capita — capacity I 
quired tor low-BCrvlee winter maxlmam r 

>Sm TabU 110. 




Digitized by 



Google 



POLLDTIOK or BOUirSABT WATEB& 



101 



Table 118 shows the number of days during 1914 to 
which the different rates of water consumption apply, 
and may be accepted as typical. It is derived from 
Plate 34. 

T*aiJt lis.— Utffcr contumption, 101^— Number of daj/» at rote 
thoion — Buffalo, ff. T. 
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From Table 118 it has been decided to make such 
alloTrance as would include 97 per cent of the days, 
relying first upon the fact that such discharge occur- 
ring only on days of low temperature ia at a time 
when ground water infiltration is low, and also upon 
the fact that plate 35 of the hourly variations shows 
the major winter increase as occurring at times of 
other than maximum flow, leading to the conclusion 
that should provision for this element of the sewage 
flow be insuSicieut to a small degree, the resulting 
overtopping of weirs and diversion to storm outlets 
will be limited to in reality but few hours during the 
year. Pursuing the arithmetical process previously 
applied, with a substitution of 190 for the maximum 
of 201 million gallons daily, we obtain a requirement 
of 162 gallons per capita per day as that needed to 
provide capacity for the cold weather surplus, and 
this has been secured by adding to the previous per 
capita units an allowance of 135 gallons, which in- 
cludes the 164 gallons needed for the winter flow, ana 
an arbitrary readjustment of the domestic rate to com- 
pensate for the difference between the use of water 
in high and low service districts. In brief, the winter 
increase Is largely confined to the low-service district, 
which also includes that population normally most 
sparing of water: on the other hand, while the high- 
service district is responsible for a relatively small 
amount of the winter increase, it is lavish in the 
normal use of water, hence in giving to each the same 
flat increase in per capita flow the previous domestic 
unit has been unbalanced to the point demanded by 
the estimated relative consumption in the two dis- 
tricts.' 



< A« will b« HMD In Table 130. tbe lewase ■IIowidcc computed opoo 
■ per capita bnili lolali (□ SOD G. C. D„ of whlcb 102 KTtd DO G. C. D. 
rrprescnt the winter pxceis kllowBDce (or low and tor tilfb tarrlce 
dinileta. 



The foregoing figures relating to industrial and 
commercial uses are average consumptions increased 
in rate so as to occur within the estimated period of 
discharge, but with no allowance for peak run-off. 
This condition is very generally observed in the 
average or inclusive sewer gaging curves of commer- 
cial areas, and to some extent in industrial areas ; and 
the larger the district the more prominently does the 
condition appear, leading in the case of such large 
districts as obtain in Buffalo, to a practical elimina- 
tion of the vagaries of maximum rates, which in small 
sewers may well reach amounts two and one-half to 
three and one-half times the average. Conclusions of 
this nature would not be warranted in the absence of 
confirmatory data, hut these have been secured by a 
series of rough gagings made by means of water level 
observations at times of maximum flow, and applied 
to the hydraulic properties of the sewer. Table 119 
shows the comparison between the measured values 
and those computed from the sewage units. The latter 
are exclusive of the winter flow allowance, except in 
the case of Swan Street, where the levels are cold 
weather readings which have been met by averaging 
the summer and winter maxima as representing an 
approximation of conditions.' 

Tabu IIB. — Uwititrtd and oomputed tewage flotet. Buffalo, 
y. T.. ISIS. 
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The tabulated results, while not startling in their 
agreement, are held to justify the application of the 
units to large areas. 

Ground water infiltration. — The amount of ground 
water leakage into sewers is extremely variable,* with 
practical range of from 10,000 to 200,000 gallons per 
mile of sewer per day, depending not only upon the 
condition of the sewer and its position, but also npon 
the season of the year. 
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For Buffalu have been assumed rates of 25,001), 
50,000, 80,000, 90,000, and 100,000 gallons per mile per 
day, applied to different areas according to elevation 
and soil conditions. By means of measurements of 
typical sewei-ed areas in the different districts the 
leakage per mile of sewer has been converted into 
leakage per acre of tributary area as being in more 
convenient form for the purpose in hand. The re- 
sulting figures have been rounded off, giving units of 
1,000 and 1,850 gallons per acre per day, which gen- 
erally are applicable to Hertel Avenue, Bird Avenue, 
and Swan Street district:! in the first instance and to 
South Buffalo for the larger allowance, the departure 
from this classification being in the case of the Swan 
Street area, some of which is low lying. 

Ontaide area). — Allusion has been made to provision 
for area politically external to the city. This area, 
amoimting to 8.43 square miles, it is assumed will be 
sewered, if at all, upon the separate system, thus mak- 
ing a provision of 6 cubic feet per second per square 
mile ample. 

The summary, Table 120, is offered to show the 
present average water consumption and its projection 
to future use. together with the conversion of both 
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present and future amounts to maximum sewage flow 
units. The totals of this table show a relation be- 
tween maximum sewage flow and average water con- 
sumption of 149 per cent for 1914 and 164 per 
for 1950. 

It should be noted that the sewage units are deii' 
from analytical studies, and embody several assum] 
tions which are justifiable only from a lack of positive 
data. The more direct method of sewer gagings was 
not feasible in the present instance, but their under* 
taking would Ite presupposed as a condition prior 
entering upon detailed studies. 

It is also pertinent to here emphasize the inti 
relations between the questions of water supply 
of sewage disposal. These items, often conad* 
separately, are but phases of the single subject, 
sewage treatment as the completion of the pi 
Allied in fact, these questions should be coupled 
a proper accounting of the total cost of the 
rendered, and it should be realized that an extra' 
gant ' use of water is not fully accounted for w! 
water rates are paid, but that the conditions 
directly reflected in a certain excess cost of sewi 
treatment. 






TABI.B 120. — Water and tueagt unit*. 
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The plea, tboo, is not that the use of water be unduly 
i-estricted, but that the matter be brought to the atten- 
tion of consumers by making tha water rat«s to in- 
clude a fair proportion of the sewage-disposal costs, 
thus enabling the consumption to automatically seek 
an economic balance. 

COLLECTION— PROJECT VI. 

From the data at hand, and with the units of sewage 
flow estftbliehed, it becomes possible to resume the 
study of sewage interception, rendering in some detail 
a description of the different lines with statements of 
areas drained and resulting sizes, together with esti- 
mates of cost. The routes as described are thoee 
which accomplish the purpose desired, are direct, and 
where possible avoid obvious obstacles; they should be 
regarded as tentative and to be interpreted in the H^t 
of underground conditions, paving programs, etc. 

SOUTB BUFFALO niSTBICT. 

Main interceptor. — Starting at the disposal site, at 
Tifft and Abby Streets, the main stem of the South 
Buffalo interceptor is shown in Abby Street to Ab- 
bott Bond; thence running easterly in Abbott Road 
and northerly in Bailey Avenue and Wightman Ave- 
nue to a possible prolongation of Oliver Street; thence 
to a crossing of Cazenovia Creek near South Park 
Avejiue, following the east bank of Cazenovia Creek 
and through Pomeroy Avenue to Seneca Street. At 
this point the main line ends. An extension is shown 
in Jordan Place to its terminus, thence crossing Buf- 
falo Creek and the Pennsylvania Railroad right of 
way to a line which follows the easterly margin of the 
latter to Mineral Springs Road, with a terminus at 
South Ogden Street. 

The main line as described serves to intercept the 
54-inch sewer at Boone Street, small sewers at Heus- 
sey, Kimmel, and South Park Avenues, and diverts 
the two 30-inch laterals in Seneca Street, as well as 
providing outlet for several suhtrunk sewers. 

The extension of the trunk is designed to collect the 
sewage from South Ogden Street and to give future 
outlet to several small sewers on the north side of 
Buffalo Creek. This extension calls for 6,100 lineal 
feet of sewer, at a cost of $40,000, whereas it would 
be possible to construct a small tank plant in the 
vicinity of South Ogden Street outlet for not to ex- 
ceed $10,000, which amount, joined to capitalized op- 
eration, is such as to prove the local plant more eco- 
nomical in first cost, and upon a parity with intercep- 
tion in annual charges. In time, however, the present- 
day population of about 2,000 is expected to increase 
to 4.200, and to include in addition sewage from area 
outside the city, at which time the annual charges for 



local treatment would exceed thu&e for interceptor ex- 
tension. For this reason, but principally because of 
the administrative objections to small plant operation, 
and because the point of discharge Is not in itself en- 
tirely satisfactory, the plans and estimates present the 
interceptor as the preferable solutiMi, but with the 
understanding that flnancisl coosiderations might ren- 
der the local plant temporarily expedient. 

Braiioh iateroepton. — Branch interceptors have been 
provided at South Park Avenue on the west side of 
Cazenovia Creek, and along the easterly margin of 
the s)une stream. The latter is intended to receive the 
flow from seveial small sewers discharging into the 
creek, and has been stopped at Hammerschmidt Ave- 
nue in the belief that the short sewers in Ryan and 
Geary Streets can be reversed to connection with 
Seneca Street, as are others in this vicinity. Levels 
are needed to establish this point. 

The west side branch has been made to extend up 
South Park Avenue to interception at Cumberland, 
where a connection to the prolongation of the Cumber- 
land Street sewer may be effected. The Cumberland 
Street sewer, if enlarged at its upper end, can also 
serve to collect the dry-weather flow from Meriden 
Street. The arrangement outlined is designed to 
maintain levels at the highest practicable point, and 
enables the collection of sewage with a minimum of 
present day construction. The enlargement of the 
upper end of the Cumberland Street sewer should be 
progressive with time, and the estimates include a 
sinking-fund pi-ovision for that purpose. 

Seneca Street diTerdon. — The area now tributary to 
the Swan Street sewer is estimated to give rise to a 
future maximum sewage discharge of some 278 cubic 
feet per second, whereas the present interceptor ca- 
pacity is limited to about 120 cubic feet per second. 
The present excess is taken care of by overflow weirs, 
and by the open gates through the weir at Hydraulic 
Street, permitting the discharge of sewage to the cov- 
ered Hamburg Canal, which is in reality an extension 
of the Erie Canal with cross connections to the har- 
bor. To care for the sewage in excess of the capacity 
of the present Swan Street sewer, it has been planned, 
among other relief measures, to divert from the upper 
end of the Swan Street district the subareas of Bailey 
Avenue, Babcock Street, Fillmore Avenue, and Emslie 
Street. This it is proposed to accomplish by tapping 
the existing sewer in Seneca Street in the vicinity of 
Maurice Sti'cet. The drainage from Fillmore Avenue 
and from Emslie Street has been cared for by laying 
out a sewer in Seneca Street which will run in reversal 
to the present line, bringing these two subdistricts 
back to junction with the Bailey Avenue and Babcock 
Street areas at Maurice Street. From this point a 
sewer has been run out Maurice and its prolongation, 
siphoning under the Buffalo River and reaching Ab- 
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bott Road, where discharge cnn be secured to tho South 
Buffalo intarccptor at Abby Street. 

In addition to these features it has been found from 
comparative estimates that ultimate economy will 
result if the diversion in Seneca Street between Emslie 
Street and Maurice be made large enough to receive 
in the future an increment of sewage from the Ham- 
burg pumping station, and such allowance has been 
incbided in determining the sizes and in preparing tlie 
estimates. 

This plan, it will be noted, utilizes the existing 
Seneca Street sewer between Bailey Avenue and 
Maurice Street, preserving the overflows at Cailey 
Avenue and at Bubcocit Street, though the weir for 
the latter will have to be lengthened and readjusted as 
to elevation. This sewer, though adequate for present 
needs, will have to be supplemented in capacity at 
Eouie future date, either by enlargement or by dupli- 
cate construction, and sinking fimd provision therefor 
has been included in the estimate, At Maurice Street 
this plan further calls for tho construction of a weir 
to divert dry-weather flow to South Buffalo, thus per- 
mitting the utilization of the sewer north of this point 
to carry any excess escaping the Babcock Street over- 
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flow, and furnishing an outlet for storm flow from 
Fillmore Avenue and Emslio Street, From a con- 
struction viewpoint this scheme offci's dilBculties in the 
siphon at Buffalo River, but chiefly in the long rail- 
road crossing near Fillmore Avenue. 

Outlet. — The outlet, meaning thereby the disctuige 
line from the treatment works to the harbor, has been 
shown in TifTt Street in sliallow cut, requiring fill for 
cover. The fall has been kept light in order to con- 
serve head, and the section itself is designed for eooD- 
omy of masonry. Pile foundation for this sewer bu 
been included in the estimate. 

The outlet proper has been shown in multiple. It 
consists of four lines of wood stave. pipe laid in t 
dredged trench, aligned with piles and held in place 
with bagged or tremie deposited concrete. The dlfr 
charges occur at 1,000, 1,200, and 1,500 feet from shoM^ 
representing approximately 12, 10, and 20 feet depdl|'l 
of water at mean stage. It is expected thot two T 
of pipe will be laid to the greatest distance, whidl^ 
about 150 feet beyond the War Department pierhi 
line. 

Tabular statements of the sewage qaantities, 
and grades, are appended. 
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Tajiix 122. — South Buffalo interceptor iHea, Buffalo, S. T. 
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In Table 122 it will be noted thnt the velocities in 
the upper portion of the South Buffalo intcrccptoi' are 
below those generally thought desirable. This is 
caused by the fnct that the seiver elevations in this 
section establish the pump well elevation nt tlic treat- 
ment works and arc the result of an attempt to avoid 
interincdinte booster pumps and to secure a balance 
between tlie cost of continuous pumping and that of 
occasional sewer cleaning. It is expected that sewers 
in which the velocity would be less than 2.5 feet per 
second will be constructed with particular attention 
to Bmoothness of surfaces. 

The estimates which follow should be judged in 
total rather than in detail, for it is believed that the 
differences and excesses unavoidably present through 
lack of information will largely average out. The 
costs are given in such form as to enable the deter- 
mination of the influences of any particular portion 
apon the cost as a whole. 

SWAN STRXET DISTRICT. 

This district contains the most densely populated 
areas, as well as all the commercial section; it also 
includes the older portions of the city, and from an 
interception viewpoint oiFers the greatest obstacles, 



both to the collection of dry-weather sewage and to 
the handling of storm water. 

A glance at the sewerage map in the vicinity ol 
Swan Street, between Main Street and Fillmore Ave- 
nue, reveals the complications existing and required, 
a condition rendered more confusing by uncertainty 
OS to elevations in some of the older sewers, though 
the city records for more recent construction are 
complete. 

Extension to Squaw Island. — The existing Swan 
Street sewer discharges into the Niagara River near 
Albany Street, being joined by the smaller Albany 
Street sewer prior to crossing the Erie Canal. 

The plan outlined upon the sewerage map calls for 
the extension of this sewer along the Bird Island 
Pier. It is quite probable that in the near future the 
city will rebuild and widen the existing pier, in which 
event the sewer extension could be included at rela- 
tively small cost. The estimate submitted disregards 
tliis probability. 

While the construction of this extension is not par- 
ticularly difScult, it is not easy to determine the mini- 
mum expenditure tliat will satisfy the requirements. 
The present pier is built of rough riprap laid with- 
out bon4, and is satisfactory as a foundation in uncer- 
tain degree. At points the present wall appears quite 
solid, apparently being well founded upon nonsettling 
bottom. At other points, and notably toward Squaw 
Island, the pier is probably unsatisfactory. The sub- 
foundation is rock at the southern end, but this slielves 
olF toward the north. Borings, and a study of the 
histoi7 of this stioicture, are needed prior to outlin- 
ing any definite plan of operations. Fortunately, bow- 
ever, unless constructed as a part of a permanent pier 
development, it is not necessary for any sewer exten- 
sion to carry groat loads. Moreover, as tlie conduit 
need not be under earth cover, a moderate settlement 
of the structure in any part will not be prejudicial to 
the operation of the whole, and can be easily remedied. 
The plan upon which the estimate has been baaed 
assumes either that independent pile foundation will 
be provided or that the present wall can be utilized 
for foundation if restrained against sliding and If 
supplemented by occasional piles. Restraining walls 
could be provided by steel sheet piling backed on 
the canal side with concrete. 

The structure itself has been designed as a twin 
concrete conduit with slab roof and with invert above 
river level. The slab roof is not essential the full 
length of the extension, but has been included as 
desirable if the pier is to be used. 

Eelief measures. — The measures suggested for the 
relief of the overloaded Swan Street sewer have been 
outlined in the description of South Buffalo sewerage. 
This sewer is 8 feet in diameter, built of brick and 
stone masonry on a 0.000215 grade. With N=0.015, 
the theoretical capacity full is 112 cubic feet per aec- 
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Aside from all estimates of present and of future 
Bewage flows, an interceptor which provides capacity 
to the extent of 283 gallons per capita is inadequate 
for maximum rates when the average water con- 
sumption is 32i gallons per capita. When compared 
with future requirements the discrepancy becomes 
more pronounced. 

It will be observed that the foregoing statement 
regards the existing throttling section of the trunk 
sewer in Seneca Street between Hamburg Street and 
Hydraulic Street as enlarged, a contract to this end 
being in process of consummation at the time of writ- 
ing. This reconstruction harmonizes with the present 
plan, in that it will be needed for storm water over- 
flow. 

To repeat, (he relief suggested involves diversion of 
the upper drainage areas from Bailey Avenue to and 
inclusive of Emslie Street. With this sewage de- 
ducted, the existing interceptor can carry the balance 
for some years, probably until 1925, at which time if 
the surplus capacity at the lower end does not prove 
sufficient, further relief will be required either by 
duplicate interceptor construction to Carolina Street, 
or else, and more economically, by extending a force 
main from the Hamburg Street pumping station 
through the existing sewer to the proposed diversion 
sewer at Emslie Street. The estimate includes sink- 
ing fund provision for this latter item. 

An element of this project which detracts somewhat 
from its merits is the occurrence of low velocities in 
the upper end. as a result of any consdderable diversion 
of sewage, and it might be desirable to consider the 
possibility of maintaining depth of flow by permit- 
ting as much as possible of the upper area flow to run 
to Squaw Island. The estimate includes a small al- 
lowance for pointing up the interior of the trunk 
sewer and for filling sumps occasioned by settlement. 

The diversion of upper area sewage from Swan 
Street will be conducted in such fashion as to utilize 
the existing drain above Hamburg Street, hence it 
will be necessary to construct a bulkhead at Ham- 
burg Street to force the storm water either through 
the Hamburg Street overflow or else back to the Mill- 
race sewer at Hydraulic Street. In addition it will 
be necessary to seal all connections between the inter- 
cepter and the Hamburg Canal save as they exist at 
such elevation as to be utilized only as relief overflows. 

Ohio Basin collector. — Much of the marginal territory 
below Elk Street now drains directly or indirectly to 
Buffalo River. Some of the area it is proposed to 
serve by means of a small lateral which will intercept 
four sewers now discharging into the Ohio Basin, and 
which, in combination with the diversion from Smith 
Street, will extend up Hamburg Street to the existing 
pumping station. At the pumps it can be lifted to 
Swan Street, or in the future to South Buffalo. Up 
to the pumping station itself the discharge can be se- 



cured by gravity, but a small automatic pump unit hu 
been shown on the plan as offering a saving in deep- 
cut construction; it is not essential. 

Biver front collector. — Numerous small sewers dis- 
charging to the river from streets lying in the interval 
between Michigan and Evans Streets it is pro- 
posed to gather into an interceptor which, running 
along Ohio, Prime and Water Streets, would center 
to an automatic pump at Prime and Hanover Streets, 
thence lifting to an existing dry weather collector laid 
in a wall of the old Hamburg Canal. To accomplish 
some of the results here included, the bureau of en- 
gineering has contemplated a somewhat differeutelign- 
ment with the same point of discharge, but with the 
advantage that pumping would not be necessary. The 
difference between the two projects is probably one of 
scope, for the fall available from sewer outlets to the 
Hamburg collector is 5.45 feet as a maximum and 3.5 
ns a minimum, whereas the least distance from any 
outlet to the collector is about 1,200 feet. 

Canal collector.— An additional mar^al collector 
has been planned to follow the east bank of the Erie 
Canal from Evans Street to Genesee Street, with a 
pump lift at this point to a discharge line to the main 
interceptor. This line would receive sewage from 
four or five small laterals which now empty into the 
Canal. 

Other streets north of Genesee to Porter Avenue are 
also prov-ided with local sewers, which receive any 
overflow from Swan Street sewer, together with some 
local sewage, though, judging by the development of 
this territory, this sewage is small in amount. The 
drainage from this area has been omitted from con- 
sideration, though should at any time its interception 
be deemed desirable, it will be found most economic 
to relay and reverse sewers for sanitary drainage, or 
else to install an automatic pump at each street. 

In connection with any work tending toward the 
improvement of the canal, the city could well devote 
some attention to several private drains now con- 
nected thereto, and particularly in the stretch between 
Main and Genesee Streets. 

Hydraulic Street diatriot. — There is a small low-lying 
area, bounded by Seneca, Hamburg, and Boseville 
Streets, which drains to the Millrace sewer and to a 
small sanitary interceptor extension from the Ham- 
burg pumping station. 

Sewer records for this area are generally meager or 
conflicting. On the ground the situation is also puz- 
zling, so that it is impracticable to offer profiles or any 
very definite procedure. A study of what data is 
available indicates the following as a mode of attack : 

(1) To reconstruct and lower the Larkin Street 
sewer from Seneca to Roseville. connecting to the ex- 
isting dry weather collector at the latter street. 

(2) At Seneca Street to divert the existing 24-inch 
sewer west of Larkin Street into the rebuilt Larkin 
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^^^M Street sewer; and further to reconBtruct and reverae At Oak and Seneca Streets, a diversion to eiflur T 
^^H tlie existing Seneca Street sewer between Larlcin and Michigan Street or to an existing storm sewer in 
^^B Van Rensselaer Streets. Seneca at Ellicott is feasible. 

^^B (3) In Carroll Sti-eet to reconstruct the existing At Jefferson and Seneca Streets it wiU be prefer. 
^H eewer, making Van Eensselaer Street the summit, and able to leave the storm drainage undisturbed, inter- 
^^H running thence west and east, respectively, to Larkin cepting and diverting the sanitary flow in a small 
^H Street and to the existing collector in Hydraulic sewer which would connect to the interceptor west of 
^^H Street. tjjg proposed bulkhead. 

^m '?'.. Exchange and Hydraulic Streets to inter- ^t several cross streets north of Geuese. Street the 
^H ™pt the Exchange Strwt Bow east of Hydraulic ^^j^j „,„n„,i„„ b,t„„„ i„i^„, „d interceptor i, 
^M ?, J • ■;" =; °. ^, "™"™S "^ P"--"™ >»""*" of a type which permits local flooding and overload- 
H Hydranhc Street and the Millrace sewer. i„g „( the interceptor in time of storm. ThiB con- 
^H This program is not as formidable as It sounds, but jiti„„ „„ |^ ^^ ^^. „,, eoustniction indicated on 
^^^H does involve detailed surveys and careful planning. j^^^ g- 

^m The W.1 lengtl, of the construction described is 2.800 ^^^^ j^„, .ew,r.-The ej-foot trunk sewer in 
^H feet all of small size. Genesee Street has a 0.0064 grade prior to entry to the 
H The sewer ,n Carroll Street east from the Millrace g,,^ gtreot sewer. This subtriLk, in addition t. 
■ «wer appears to be abandoned, but it needed could „„ ; ,„„,ia.„ble storm drainage, is UBcd as ttl, 
^^K be connec ed to the collector at Hvdraulic Street. ■ . * j- ^ c j * -u _.. . 
^^B _, . a- ■ T. ■ ' .■ , 1 Vl PO'nt 0* disposal for snow removed from the streeta. 
^^^B Storm-water diversion.— It is essential that the con- K^,- ..»/.■ ,■ i , j -al ^u l l 
^^^1 A- 1 ^ 1 . . J ■ . , ■ Thjs latter fact in particular, coupled with the check- 
^^^B nection between lateral and interceptor be such as to - * . -. . .. J ■ -. , . 

^B protect the latter from anv gr^at burden of storm '^^ '^ 'tr/ '^V^'^V""f ""' J' ["P^^^'^^^ *%» 
^B water, and while no attempt has been made to review '=°"«'derahle deposit of grit in the trunk sewer To 
^M the matter of storm drainage by itself, there are sev- "''"^^y ^^'^ condition, the estimate has been mad.» 
^K • era] locations where particular precautions are needed. '"'^'"'•^ provision for a local grit chamber. The lea- 
^^H At Pine Street it is suggested that the storm flow tion of the junction is favorable to such constructifiM 
^^^H be diverted from the interceptor by means of a short which could well be combined with the diveniJ^H 
^^^P connection to Chicago Street required at this point -^^ 
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The sewerage work suggested for the Swan Street 
district, representing as it does measures intended to 
relieve the trunk sewer and to gather up smnll mar- 
ginal drainage, there are expressed in Table 120 only 
the chai-acteristics of minor new collectors, the main 
interceptor remaining unchanged. 

Tabi* 126.— Svan Strt^et dittrict interceptor »Uet, BvffaU), N. F, 
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BIBD ATENUE DI8TB1CT. 



The Bird Avenue trunk sewer was formerly con- 
nected to the Swan Street sewer outlet by means of a 
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sewer in the east canal towpath from Bird Avenue to 
Albany Street. Broken in several stretches at the 
time of the enlargement of the Erie Canal, this con- 
nection has been sealed, and the overflow into the 
canal at Bird Avenue utilized for the dry weather dis- 
charge. 

Bird Arenne extension. — To bring the sewage of this 
district to treatment works on Squaw Island requires 
extension of the existing sewer in the form of an in- 
verted siphon crossing of the canal. Also in order to 
utilize to the fullest extent the natural high sewer 
level, a short piece of reconstruction will be advisable 
as a feature eliminating the question of pumping. 
Inasmuch as the treatment contemplated involves the 
use of a grit chamber, it appears preferable to con- 
struct such on the mainland prior to the crossing, in 
order to protect the siphon. The space available is 
sufficient for this, though it will be necessary to roof 
over tlie chamber. 

The siphon itself hos been planned as a triple con- 
crete box structure with sufficient difference of head 
between the ends to maintain proper velocity. Con- 
struction will have to be conducted in coffer, as this 
portion of the canal is not drained during the winter. 

Canal collectors. — To replace the broken connection 
between Albany Street and Bird Avenue it will be 
necessary to build a small interceptor to receive mar- 
ginal drainage which now appears to empty into the 



Tabu 127.— SwmStrtttdiitritt— B*lmaUt of intiretptor eotutructioneoiU. 
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former sewer and to seep through the canal wall, such as to render new construction advisable. An 
According to the opinion of the city engineer, the automatic pump will be needed to attain the level of 
number and length of breaks in the original sewer are the Bird Avenue aewar. 
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The canal strip north of Bird Avenue is also the | this an interceptor in the east towpath has been 
ouroe of some drainage into the canal. To collect { planned to run from Bird Avenue to Hertel Avenue. 

Tabuc 128.^£iril Avenue dUtrict lewage quantitieM — Maximttm rates of fiov>. 1950, Buffalo, N. 7. 
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Taslb 129.— Bwd Avenut dittria—Intereeptor ma, Buffalo, N. T. 
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HKITKL AVENUE SIBTEICT. 

Project VI, as previously described, included an in- 
terceptor in or near Niagara Street to convey the 
sewage of the Hertel Avenue area to Squaw Island. 
This plan would involve the construction of 7,100 
feet of 6-foot 9-inch sewer at a cost of $260,000, and 
it has seemed preferable to revise this feature of the 
project in favor of local treatment. To collect mar- 



ginal drainage it will be necessary to build a small 
sewer in the canal towpath from Hertel Avenue to 
Bird Avenue, with outlet at the latter point. The 
cost of such a line will approximate $44,093 (see 
Table 130), leaving part of the difference as applicable 
to the increased cost of separate treatment, 

Disposal area for Hertel Avenue sewage is available 
in the vicinity of the existing outlet, thus necessitating 
but short extensions of present sewerage. 
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Table 130. — Bird Avmut diitriet — Ettimata of mUreeptor etmtlructwin ecMt), Btiffalo, N. Y. 
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It is, however, feasible to effect some economy in ; 
the present mode of collection by intercepting the 
sanitary flow of the Ontario Street subtrunk at a high 
level and carrying the same over Tonawanda Street , 
1,500 feet to the Hertel Avenue sewer. The effect of 
this diversion will be to bring the Ontario Street | 
drainage in at a higher level than could otherwise be 
secured. The Ontario Street sewer below Tonawanda 
Street will in such case be used as a storm-water I 
drain and in addition will receive sanitary wastes 
from that portion of the district below the ptsnt of 
diversion; this latter increment will be intercepted 
at Cornelius Creek. 

The existing sewer in Hertel Avenue from Tona- 
wanda Street to Niagara Street is a 57-inch sewer and 
is really a sanitary extension of the combined sewer 



which as recently extended stops at Tonawanda Street 
and Cornelius Creek. In its present form the sewer 
is large enough (capacity 70 cubic feet per second) 
to carry the present-day flow of 38 cubic feet per 
second, but in 1935 will have to be supplemented by 
the construction of 2,100 feet of 42-inch sewer to suc- 
cessfully deliver the expected 1950 sanitary flow of 95 
cubic feet per second. This enlargement of capacity 
is not the direct result of diverting the Ontario Street 
flow, though were that not done the duplication could 
be deferred somewhat. However, even with this dis- 
advantage the scheme described is the more economic, 
and has been embodied in the plans for this district, 
though should iirst cost be the determinent the con- 
struction can be deferred to a more opportune time. 
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Tabu IK.— flwtel Avenue iIMrict interceptor tixet, Buffalo, X&DUC 134.— /titer ccpfor co»tt— Summary of total, project t 
N. T. Bvffalo. N. Y. 
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To present n. consolidation of the estimates of cost, 
there is appended Table 134, which carries forward 
the totals of sewer construction costs required in the 
different drainage districts. 
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The unit cost in Table 134 of $3.72 per lineal foot 
per foot of diameter is compnriililc witli a similar unit 
price of $2.30 derived from nine city contracts exe- 
cuted in the period 190S-1911 and covering the con- 
struction of 25,000 lineal feet of sewer varying in 
diameter from 8 inches to 51 inches, and aggregnting 
in cost $142,700, With pipe sewers practically elimi- 
nated, this price reduces to $2.10 per lineal foot pw 
foot of diameter. This statement is introduced asi 
basis for a rottgh determination of the reasonablenes 
of the sewer costs included in this report. 

It will be observed that the ditferent items include 
in the estimates fall into two classes — 

(a) Those consisting principally of large sewers 
carrying or diverting considerable quantities of 
sewage. 

(b) Smaller sewers designed to pick up residual 
drainage which, though tangible in the aggregate, is 
individually small and for its collection requires con- 
siderable outlay per unit of flow. 

This subdivision leads to a possible economy in the 
first cost of interception by deferring the construction 
of minor collectors until the completion of the majiv 



Table iai.~Averag€U%aageJloui, 19S0, Buffalo, H. T. 
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lines. Arbitrary determination of the line of demar- 
cation indicates that the Brst cost can in this ^ay 
(and by the elimination of sinking funds) be de- 
creased some $225,000 and still permit the collection of 
over 97 per cent of the sewage as expected in 1D50, and 
a consequently greater proportion of present-day 
■miM mts. 

TREATMENT OF SEWAGE. 

lowing the conclusions of the general report, 
stadies have been made to the end of applying the 
clariBcation processes there described to the particular 
conditions obtaining in Buffalo. 

Treatment designs have been based upon the sewage 
Row as estimated for 1930, in order that in addition to 
providing treatment works in reasonable anticipation 
of future needs, there will be included a period of in- 
action during which legislation can be initiated, finan- 
cial measures considered, and experiments conducted. 
Table 135 presents a statement of average sewage 
flow estimated upon the basis of previous average 
units as applicable in 1930. 

I'o further exhibit the distribution of the sewage 
allowance there is offered Table 136. 



; 136.- 



vcrage leicage quaTUitiea. ISSti — SubdioUUm — 
Per capita — Buffalo, Y. T. 
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SEDDfENTATIOM. 



The plans prepared for the different works, and here 
presented in accomijanying plates, are similar in in- 
volving several steps in the complete process, as fol- 
lows: 

(a) Short time and high velocity subsidence, to- 
gether with coarse screening to remove bulky trash 
from the sewage, and to take out heavy inorganic mat- 
ter in suspension. 

(h) Pumping. 

(e) Disinfection with a solution of bleaching pow- 
der. 

{d) Subsidence for a nominal period of 2.4 hours in 
Imhoff tanks. 

Grit chamben. — The detritus t^inlts, as designed, have 
not been shown in any detail upon the plates, being 
patterned after more or less standardized types. In 
brief, they consist of a widening of the sewer sections 
and of subdivision into multiple channels. These 
ebaonels are designed with cross sections and length 
80668—18 8 
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such as to give a 00-second detention with a velocity 
of 1 foot per second, and also of such capacity as to 
provide sand storage for a three-day period at the 
rate of 10 cubic feet per million gallons. The channels 
have been planned to be five in number, four in effec- 
tive use, and the fifth in process of cleaning or in 
reserve. 

For cleaning various devices have been adopted- 
At the South Buffalo plant hand cleaning has been 
included, with transportation of grit in small cars 
running upon track laid in the floor and with eleva- 
tion of the material by a derrick located at the ground 
surface. At Squaw Island provision has been made for 
cleaning by a centrifugal sand pump drawing through 
a flexible suction line fitted with a cutter head and dis- 
charging to a draining bed which will drain to the 
pump well. In either case it is expected that the 
sand will be used for replenishing sludge beds and for 
filling. 

At the outlet end of the grit chamber the full section 
width has been maintained, but with the partition 
walls omitted to form a pump well which, for the 
maximum 1950 flow, will have capacity for less than 
one minute's storage, and though with the surplus 
interceptor capacity the effective storage period is 
increased, it will be necessary to follow the fluctua- 
tions of flow quite closely in the operation of the 
pumps. With long sewer lines such as are present 
in Buffalo, this fluctuation is quite gradual, and with 
Constant attendance at the pimip house can be readily 
met 

Screens of the bar type have been placed in advance 
of the grit chambers. The bars are spaced 11 inches 
and set on a 1 on '2 slope. To prevent flooding there 
is provided a high level by-pass weir which will come 
into operation should the screens become clogged. 
Cleaning of screens will be accomplished with hand 
rakes, the screenings being incinerated. 

Fnmpa. — The pump units are horizontal centrifugal 
pumps of ratings to meet 1930 flows, but with ability 
to deliver to the maximum interceptor capacities as 
representative of storm-fiow conditions. Motor drive 
has been included for the Hertel Avenue plant, with 
steam in the case of the Swan Street and South Buf- 
falo works. The Bird .\ venue trunk sewer will dis- 
charge by gravity, except upon rare occasions, when 
a minimum flow in the sewer sjmchtonizes with flood 
conditions in the river, at which time the sewage will 
back up sufficiently to obtain the necessary head, but 
not suf^ciently to affect laterals. 

The Swan Street pumping lift is so low that in- 
vestigation has been made as to the possibility of 
backing up the fiow to the point where pumping would 
be obviated except in time of flood. This is practi- 
cable, but owing to the flat grade of the sewer, there 
would be entailed a backing up to the vicinity of Caro- 
lina Street, with a consequent lowering of velocities 
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for certain periods of Sow to the point where depoa- 
tion would occur. 

Steam equipment has been provided at Squaw Is- 
land and at South Buffalo, primarily to offer o con- 
\(inient method for the disposal of treatment works 
rosidnal products, whether they be sludge or screen- 
ings. This metht^d of disposal is not essential, but 
merely preferable, and in case of decision in favor of 
any other method, such as filling upon lowlands, bury- 
ing, dumping into the lake, or utilization for fertil- 
ii-er, a shift to electric power can be effected for the 
nmouut allowed in the estimate. 

A steam plant as planned will consist of incinerat- 
ing 6re boxes, with provision for drying screenings or 
sludge, which materials will be burned in combination 
with coal fuel. The combustion gases will l>p led 
through dust arresters to the boilers and to a high 
stack. 

In addition to the pumping equipment, the estimate 
mcludes provision for engine or motor-driven air com- 
pressors leading through receivers to sludge nir lift 
pipes at the tanks. A venturi meter or other measur- 
ing device is also included in the pumping plant equip- 
ment. 

Water will be obtained by an extension of the city 
mains. 

Diainfectioii. — The plant for applying the disin- 
fectant has l>een located adjacent to the main channel 
leading from the pumping station to the tank distribu- 
tion system. The details are similar to those exhib- 
ited on plate 66, which is that of a typical design pre- 
pared to meet conditions at Bridgeliurg, Ontario. In 
the present instance, however, it will be necessary to 
provide additional storage tanks, the number depend- 
ing upon a proper balancing of labor and of construc- 
tion charges. To guard against low winter tempera- 
tures it will be advisable to house in the tanks and to 
provide means for maintaining the temperature above 
freezing. A more detailed description of the appa- 
ratus is to be found in the text of the report relating 
to Bridgeburg. 

Subsidence. — Although no examinations have been 
made, there is probably nothing notable about the 
eewQge of Buffalo save its dilute nature. According 
to Fuller, dilute sewage requires a longer detention 
than does more concentrated material if equal or sim- 
ilar removal of suspended solids is to be attained. It 
is reasonably certain that prejudicial industrial 
wastes are not present in quantity sufficient to affect 
the whole. The tanning business has been canvassed 
and is apparently limited to handling some 4.000,000 
hides per annum. The combined sliiughtering and 
meat-packing business is a prominent one in Buffalo, 
but inquiry has failed to reveal any extensive slaugh- 
tering, the bulk of the industry apparently being con- 
fined to dressing or to the working up of final prod- 



ucts. The chemical industry, which is confined to tl 
neighborhood of Buffalo Creek, does discharge into 
sewors varied and diluted chemical wastes, principally 
such as result from the preparation of fertilizer and 
the manufacture of acids, but it is believed that the 
long distance of travel, combined with the large vol- 
ume of diluting sewage, are sufficient to make any in- 
dividual characteristics indistinguishable at treatment 
sites. 

Consideration of subsidence devices has been limited 
to Emscher tanks, which it has been possible to so de- 
sign as to apply to all four of the trunk sewer districts 
with but slight modification of minor dimensions as 
indicated upon plate 39. 

A previous general statement to the effect that the 
size and number of tanks have been made adeqnate 
to retain for two hours 120 per cent of the 1930 tvei- 
age flow must be amplified by a statement of condi- 
tions obtaining during times of storm, for the semts 
have been designed for 1950 maximum rates. The^U 
tention periods for these maxima are exhibited ^M 
Table 13T. n 

Tabu: 137. — Inihoff tank detention of marimtim flotc*. IMfl. 
Buffalo, N. y. 



TrulnuDt wnkB. 



lowfcuWc 



■ EiUlingSewar. • Total IBSOoaptcltf needed. 

Minimum detention periods such as shown are in 
all cases sufficient to give time for the action of the 
disinfectant and also to secure appreciable subsidence. 
Parenthetically, were the nominal detention one hour, 
as elsewhere suggested, these relations would still give 
opportunity for disinfection, but would render doubts 
ful any appreciable removal of organic solids, 

Imhoff tanks. — As to details, the tanks follow many 
of recent design, though they are slightly longer than 
any yet built. They are 107 feet long and 35 feet 3 
inches wide, with three interconnected (low-through 
channels having slots about 14 feet below weir levels. 
The total depth is variable for the different plantS; 
but is in the vicinity of 25 feet from the weir. The 
individual tanks have been combined into groups hav- 
ing party walls and with influent and effluent chan- 
nels at each end. 

The distribution system has been planned as multi- 
ple channels with suitable stop-log control, and feed 
to low level influent conduits which discharge to t hf 
tanks through gute-controlled submerged 
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The effiiient channel is above the influent line and re- 
ceives the clarified sewuge ovei' a knife-edge weir 
which can be adjusted by means of turnbuckle screws. 
The only special featui-e of the tank consists of the 
equipment of flood gates. As previously described, 
the bulk of lake and river fluctuations is found to 
occur below certain elevations, thus permitting of 
tnnk operation at such levels for the major portion 
of the year. At other times, and somewhat more fre- 
quently than is desirable to have treatment works out 
of commission, it is necessar}' to meet somewhat 
higher discharge elevations, thus rendering necessary 
the location of tanks at the higher level, or else special 
provision to permit of continued operation. The lat- 
ter has been attained by carrying the main walls of 
each group some 3 feet above weir level and by 
cutting off t!ic individual tanks to prevent short-cir- 
cuiting by hanging at the tank ends wooden flap or 
flood gates. The use of such devices will enable tlie 
tanks to operate upon all but rare occasions, and at 
the same time will permit of a material saving in the 
pumping head. The pumps, of course, will have to be 
adequate for the maximum lift. 

The construction of these tanks offers considerable 
difficulty, owing chiefly to the high ground water 
level. In addition, at South Buffalo, the site lies in 
the old bed of Buffalo Cryek and is reputed to be 
underlaid with silt and quicksand deposits, with rock 
at quite considerable depth. A study of soil pressures 
discloses the fact that with uniform distribution the 
average pressure would be 1,600 pounds per square 
foot, which, with buoyancy allowance, reduces to 480 
pounds per square foot, and when tanks are empty, to 
an upward pressure of 550 pounds per square foot. 
These loads are not great, but it has been deemed nec- 
essary to provide pile foundation. At Squaw Island 
the conditions are uncertain, but reasonably good 
foundation is expected, and though piles have been in- 
cluded in the estimate, the allowance is considerably 
less than at the southern site. 

A schedule of construction operations prepared for 
estimate purposes includes the driving of ft surround- 
ing line of steel sheet piling anchored to timber piles. 
and inclusive of the whole tank area. Within the 
larger 6eld it has been planned to drive subsidiary 
lines to inclose the various tank units. The excava- 
tion below ground water level can be done in the wet, 
Bs can the driving and cutting off of piles. Prior to 
dewatering it is expected that a concrete seal will be 
required. These feature-s, together with liberal steam 
pumping allowance, have been included in the exca- 
vation item of the estimate, giving unit prices which 
are deemed adequate to the purpose- 
Sludge bed!. — With the tank elevations as fixed, the 
drawing off of sludge by gravity is not practicable. 
In the present instance it is expected that the air lift 




will be employed in vertical cast-iron pipes leading 
to an overhead system of galvanized iron pipes dis- 
charging to concrete distribution boxes, which con- 
nect with the sludge bed units. In order to preserve 
grade, the beds have been placed as close as possible 
to the tanks, and discharge directly to the river or 
through collector drains to the main outlet. The 
air-dried sludge will be handled in wheelbarrows and 
in tramcars, with ultimate disposal by incineration. 

While the necessary tanks have been shown at Ilertel 
Avenue, tJie proximity of dwellings render inad- 
visable tlie location of sludge drying beds at this 
point, for while the drying of sludge should not be 
in itself offensive, it is unsightly, and might well 
focus objections which would not appear were the 
process not thrust upou the attention. For this reason 
it has been planned to convey the wet sludge to Squaw 
Island for drying and for incineration. The two 
plants being between 1} and 1^ miles apart, the wet 
sludge can be transported by compressed air through a 
force main, or else it can be barged via the Erie Canal, 
which is 350 or 400 feet distant fi-om the northern 
works. The second method has appeared preferable, 
and provision therefor included in the estimates. The 
barge, it is expected, would be of steel or conci-ete. 
self-propelled, and equipped with sludge pumps. 

As to the effect of this double handling upon the 
drying qualities of the sludge, it is probable that the 
first use of the air lift will compensate for any loss of 
entrained gas occurring during the pumping opera- 
tion. 

The use of a barge to transport sludge limits this 
process to the period of ojien navigation. The Deep 
Waterways Commission Report of 1806 records 118 
days per annum as the average period of close of navi- 
gation at Buffalo for the years 1870-1806. This 
interval includes that from December 12 to April 9, 
and is considerably less than that allowed for in the 
sludge storage capacity cif the tanks. In other words, 
the tanks should be and are proportioned for non- 
drying weather conditions, the demands of which are 
in excess of the limitations fixed by navigation. 

The treatment of sewage at centralized sites, while 
economic from the operative standpoint, imposes a 
burden in the need for proper final discharge in lake 
or river to the end of securing diffusion and dilution. 
This condition has been met by the adoption of multi- 
ple outlets consisting at South Buffalo of four lines 
of wood stave pipe, discharging at different distance.s 
from the shore. At the Hertel Avenue plant it is 
planned to utilize the existing river outlet which now 
accommodates this flow. 

The outlet has been included in the estimates for the 
disposal plant, being regarded as an integral part of 
the treatment process, even though, as in the case of 
South Buffalo, it is distant from the plant itself. 
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In the case of Buffalo, the proporticming of the 
number and sizes of screens is shown in Table 139, the 
basic data being applicable to Riensch-Wurl disk 
screens with sii-inch slots and working under a 2'inch 
loss of head. 



TASlXt 



—Fine tcreena — Selection of tize* — Buffalo, N, 7. 



H«UI Atmum... . 



s-aotoot 
s-aoioot 

1-13 Hot 
3-Xlaot 
I-UIOol 
'30 loot 



I l-H 



Total 



ToUI 



I BTlitIng Inurcaptor. • Fntor* Intoocptor. 

Upon the assumption that fine screening is in itself 
Adequate for the removal of organic matter, there 
is no Tohd reason for subsequent sedimentation. If 
^ort time secondary sedimentation be needed to se- 
cure sufficient removal of solids, it is probable that the 
latter can be most economically attained from sedi- 
mentation alone as resulting from the longer periods 
of detention. Following these statements to their 
oonclusion it is designed to disinfect the screen ef- 
fluent in s long channel wherein the screened sewage 
will Sow at a velocity to prevent deposition of the 
fine solids and for an average period of 30 minutes 
as the time required for contact. Such channels are 
cheaper to construct than tanks, are more readily 
cleaned when necessary, while the maintenance of 
carrying velocities obviates the continual handling 
and disposal of sludge. 

It should be noted that at South Buffalo the sewage, 
subsequent to treatment, is discharged into an outfall 
line of such length that some SO minutes will be con- 
sumed in reaching the harbor. This fact renders it 
possible to eliminate the contact channels at this site, 
although pronounced and sudden rises in lake level 
would at times cause an influx of diluting lake water 
which it might be necessary to offset by the use of 
additional disinfectant 

The South Buffalo fine-screen plan and estimate 
herewith presented are to be regarded as typical, in- 
asmuch as they were prepared to serve as the basis 



for projecting the detail costs to totals for the whole 
city. The cost of the channels for this plant has been 
deducted from the gross total of the estimate. 

COST BSmUTBS. 

In appended tables are presented the estimates of 
cost for sedimentation and for fine screening, each in 
conjunction with dinnfection. Sufficient detail has 
been shown to permit of readjustment of the total 
should further developments indicate the need for 
chan^ng any of the individual items. 

Table 140. — ConttTWStion coat of Imhoff tank tedimentatUM. 
South Buffalo plant, Bvjfalo, N. Y. 
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plicable to a town of 10,000 people, gives a range of l In summary, and also to express the costs in terms 
from $0.98 to $1.95 per capita. | of certain units, Table 143 is presented. 



TAaui 148.— ConrtrucHo* cm* of tmmtntatUM—Bummary and nMtvtaktn—BMffato, W. T 
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Table 144. — ConitrwtUm cott of fine screens, Bouth Buffalo 
plant, Buffalo. ,V. T. 
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A comparison between the construction costs of fine 
screen and of Imhoff tank installations indicates that 
the latter would be the more expensive by about 
$1,144,000. In interpreting these figures, it should h*s 
recalled that the tanks hare been proportioned for a 
nominal detention of 2.4 hours for the 1930 average flow, 
yielding a minimum detention of 58 minutes in time of 
storm, when the interceptor will be discharging at the 
1950 maximum rate. Screens, on the other hand, have 
been selected to meet the 1930 average flow, operating 
" full " with a 2-iDch loss of head. Operation at full 
depth is made possible by placing the screens after 
the pumps, where, by adjustment of gates, etc., the 
proper depth con he maintained. In time of storm 
this leads to an overload of from 64 to 137 per cent, 



which in turn causes a somewhat greater loss of head, 
with probable diminution in the retention of finer 
solids, tliough it is possible that this tendency might 
be counteracted by increased speed of screen opera- 
tion. On the other hand, it is necessary that tln' 
detention channels give, even for maximum fiow;^, u 
sufficient time for the action of the disinfectant, and 
they have accordingly been designed to hold for 15 
minutes the 1950 maximum discharge. As to the com- 
parative efficiencies of these two processes under the 
varying conditions, experiment alone will tell, but it 
is believed that further experience will indicate the 
necessity for a somewhat more liberal screen allowance. 
The present provisions are offered as a minimum. 

Table 145.— Com (rite Won oort of fine ttfreeitt. whole rity. Buf- 
falo. N. T. 



Operation. — The first cost, or the cost of construction, 
is important in aiding determination as to the tiiianciiil 
ability of the city to undertake the work, but of e<juiil 
importance is the yearly cost of operation, and ti, 
render possible an economic comparison of tboa' two 
projects it is necessary also to include allowances fur 
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upkeep, interest upon bonds, and amortization, lead- 1 firemen nt $3.50, and engineers at $4.50 each per day of 


iiig, in combination witli labor and material costs, to : eight hours. Superintendence and teclinical help have 


comparable annual charges. These items are presented also been added, to the extent of $7,800 for the tank 


m the following tables, which include labor at ^, | plants and $6,000 for the fine screen plants. 


Tabls 146. — Annual operation cottt, Imhoff tank plants, Buffalo, N. T. 
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—Animal operaHon co»l, fine tcreen plants, Buffalo, N. Y. 
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straction of eomc 2/M)0 feet of 24-iDch ritrified pipe 
interceptor, with 18 aod 20 inch connectioiu to tbe re* 
spective trunk lines, and with a 24-inch cast-iron pipe 
crossing of the canaL The 24-inch size will accom- 
modate not only the sewage flow from the Franklin 
Street district, but is also adequate to permit of future 
extension to a southerly outlet for aa yet undeveloped 
territory. 

TRBATBIENT. 

The treatment works designed as applicable to local 
conditions have foUowed the general lines of the 
Niagara Siver report, and include provision for a 
until grit chamber and coarse screen, which will serve 
to remove only the bulkier solids. The tanks being 
located at sufficient elevation to secure gravity dis- 
charge into the river, and at such heights as not to be 
subject to ordinary river rises, it will be necessary to 
handle the sewage through automatically operated 
motor-driven centrifugal pomiw. Subsequent to pas- 
sage through the pumps, the sewage will receive its 
dose of disinfecting liquid and pass to the Imhoff 
tanks which, because of the high per capita flow, can 
be most economically constructed in circular units, of 
which a total of six will be required for the 1930 needs. 
As shown by plate 47, the discharge to these tanks is 
accomplished through a trough attached to an internal 
collar concentric with the periphery of the tanks and 
forming the air vent of the sludge compartment. In- 
flow occurs through slots in the weir, while the clari- 
fied Bovrage discharges over an outlet weir which en- 
circles the external periphery of the tank. Control of 
the water level can be effected by throttling the outlet 
line or by means of rotary shutters situated on the 
weir, as shown. The tank overflow connects with 
the existing outlet section of the Bouck Street sewer, 
which discharges into the river at a considerable dis- 
tance from shore. As before suggested, provision has 
been made for removing the sludge periodically by 
means of a centrifugal pump which will force the 
liquid about a mile to drying beds in the valley of 
Two Mile Creek, at which point the air-dried product 
can be readily removed and used either for filling or 
as fertilizer on near-by farms. 

COST. 

The first cost of construction has been esUniated as 
indicated in Table 152. 
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CONCLUSION. 

In the event that conditions be imposed upcsl 
Niagara frontier communities leading to soch 
ment of their sewage as would be effected b; ri 
sidence in Imhoff tanks and by disinfection, thai 
of Tonawanda could conform to such regulatiM 
an initial expenditure of not more than $70,000, ii 
an annual maintenance cost for material, latWi 
fixed charges of about $10,000. 
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TREATMENT SITE. 

The site selected for the location of treatment works 
fronts tlie east side of Itiver Koad and is soiiio 1,700 
feet noith of Whcatfield Avenue, although its exact 
position is unimportant. The factors lending to this 
determination are the central location, which serves 
to minimi/^ pumping, and its proximity to a suit- 
able outlet. Opposed to the choice are its nearness 
to a main thoroughfare, the presence of dwellings 
(1,000 feet distant), and the high land values. These 
objections apply in some degree to any water-front lo- 
cation and can be avoided only by an inland plant, 
which would entail a force main extension of inter- 
ceptors or else would .require a remodeling and re- 
versal of present sewerage. In either case expense 
forbids for any desirable sit« would be at some dis- 
tance from the sewer«d ar«a and pumping require- 
ments would be severe. Similarly the possibility of 
locating near to the north city line in sparsely settled 
area was rejected on the score of increased pumping, 
and because it was felt that the present unde^'eloped 
condition of this section was but temporary and that 
with future growtli the objections previously stated 
would apply with equal force as to a more southerly 
situation. A site on Tonawanda Island adjacent to 
the pumping station is attractive in many ways, but 
is less economic than that favored. 

Imhoff tanks properly designed and operated should 
give no offense, and if due attention be given to care 
of the grounds and if in addition sludge beds be 
screened from view by appropriate shrubbery a River 
Road treatment works location should not be objec- 
tionable. At Tonawanda the possibility of protest 
has been forestalled by provision for pumping the 
sludge to drying beds more remotely placed. Similiir 
provision could be included in the present instance 
nt an additional initial expense of about $6,500. 

In this discussion no mention has been made of the 
possibility of treating at separate local works. Such 
procedure is feasible and would save $38,200 in in- 
terceptor and outlet construction (see Tables 154 and 
155). On an annual charge basis this amount is 
equivalent to $1,825. In addition, there would be 
saved about half the pump power needed for a central 
site, or (Table 157) $1,000. The amount of $2,825 
then represents the annual saving of dual sites in the 
items of interceptor construction and pump operation. 
To offset this is the need for duplicate plant construc- 
tion including such items as grit chamber, pump 
house, disinfection apparatus, and also some loss of 
economy in tank and slutlRt; bed construction and in 
the utilization of land. TIicrc items are csfimntod to 
agRregate $10,000, equivalent to an annual chnrpe of 
$1,400. Adding to this additional labor to the extent 
of $G40, the initial saving i-eiliiccs to an annual amount 
of $785, or to a capitalization of $17,.'i00. This econ- 



omy is tangible, but lessens in importani 
count is taken of the increased cost of stn 
through the loss of an interceptor outlet ) 
between \VhcatiieM Street and Kost A' 
tills reason, as construtd in the belief tb 
described will shortly iviiuirc an addition! 
let, the conclusions of thib report have 
upon the treatment of sewafie ut one site, 
elusions will give outiiide costs and leai 
tion to be settled by more detailed studii 
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^ niit of future extension us needed. The 
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! From n construction viewpoint, the I 
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unpaved streets, and the northerly purtioi 

the River Road, which, though designe< 

proved as a State highway, possesses s 

I sulTicient width to enable the constnictior 

! sewer without disturbance to the roadwa; 

I As before explained, the ground is quil 

I the case of a sewer ^veral mile.s in lengt 

dition leads either to a very deep line a 

' end, or else to provision for pumped ste] 

i hydraulic grade. Pumps accordingly ha 

I eatcd at Bond Street, at Schenck Street. 

I Street, thus permitting of delivery to th 

I works at a depth of 16 feet below the sui 

; also is the depth of uiaxiuiiun cut. 

I The installation of these pumps adds) 
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I of operation is largely offset by a dcci 

! main pumping station lift over what t 

1 from gravity delivery to the treatment wo 

' Despite provision for frequent lifts, n 
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to reduce to a minimum the amount of gi 

I>a5sing through the pumps and through tl 
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The general features of the piftnt ire apparent from 
an inspection of plate 60. From the two interceptors 
the sewage will pass to a small grit chamber intended 
for the removal of such coarse mineral matter as may 
settle with a slight slacking of velocity. The lower 
end of the grit chamber is fitted with coarse screens 
through which the sewage will pass to the pumps. 
The pump discharge line is in open channel leading 
through the disinfection house to the settling tanks 
which will permit the clarified sewage to run to a 
river outlet. 

BLBTATION. 

The tanks are set at such elevations as will insure 
gravity discharge to the river even at periods of high I 
water. The sludge drying beds are set at the same I 
level, which will necessitate additional pumping, but [ 
inasmuch as the pumping.of sludge is less expensive : 
than pumping the sewage from which it has settled, 
the elevations fixed are the most ec<Hiomical. The 
river stages met are those which will result should the 
recommendations of the Waterways Commission be 
carried out. 

GBTT CHAHBEB. 

The grit chamber shown in the general ground plan 
is smaller than those favored in the best practice. 
The departure is made because the structure is neces- 
sarily located at and below interceptor depth, which 
for a tank of usual size would entail considerable ex- 
pensive excavation. It is recognized that this plan 
will permit much nonputrescible detritus to enter the 
Imhoff tanks which could be removed otherwise. This 
material, however, will be too finely divided to hinder 
tank operations, and may, indeed, improve the drain- 
ing character of the sludge. 

The screen it is proposed to make of the usual in- 
clined bar type with 2-inch openings. Screenings will 
be raked off by hand and either buried or removed 
with the sludge. 

Chambers, screens, and pump wells — the latter in 
reality a sump — wiU be installed in duplicate to per- 
mit of frequent cleaning which will be accomplished 
by hand, buckets of grit being lifted by a chain hoist 
and used to replenish sludge beda, or else hauled away 
to spoil banks. 

PUBIP HOUSE AND DISINFECnON. 

The pumping plant will consist* of 12-inch centrifu- 
gal pumps driven by float-controlled electric motors. 
Automatic control is chosen to permit of divided 
duties upon the part of the attendant. Tlie pumps 
will not include a reserve unit, but each unit will have 
considerable surplus capacity, so that a breakdown 
will entail but a backing up in the interceptors for 
greater or less time. 

From the pumps the sewage will be carried in open 
channel over a measuring weir to the disinfecting 



house, where a continuous and ai 
trolled dose of bleach will be app 
of the construction and operation o 
plant, reference is made to the port 
relating to Bridgeburg, Ontario. 
TANKS. 

The tank outlined in plate 50 is 
vide nominal ret«ntion of How fo) 
sludge storage capacity to the exten 
per capita. The tank is of the radi 
collection of the clarified efllnent bv 
lector ring. Weir control devices a 
can be employed as illustrated on pl:i 
storage is designed to permit of slui 
nondrying winter months. 

Sludge will be removed at intervi 
which will be in extension of a ii 
pressor located in the pump house, 
tank level, the Kludge will tlow lo ! 
where it will drain and air dry. 
will be removed at intervals and d 
country either to farmeiH for its f€ 
else used for filling. 

OPERATION. 

The plant as described will re<)u 
the extent of at least three labore 
arranged that one man will be oc 
hours of tlie day. The duties of sucl 
raking of screens, cleaning of gri 
stonaJ control of pumps and disti 
mixing of bleach, pumping of sliidg 
sludge beds. 

COST. 

Estimates have been prepared ol 
structing and operating the works 
costs are complete, including ullown 
royalties, and for engineering. T 
in tabular form. 
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The sewerage outlined in this report is there- 
fore only in skeleton, consisting entirely of a col- 
lecting sewer, which, however, can be extended at 
need. For this reason neither the two plans nor the 
«ost estimates therefor are comparable. 

As before noted, the population of La Salle is at 
present localized at two centers, with an intermediate 
portion of sparse development. Accordingly it has 
seemed preferable, as it is economic, to treat the sewage 
at two points, utilizing the existing settling tank which 
now handles the sewage from the northern portion of 
the village. Under this plan it is possible to eliminate 
the present construction of at least a mile of inter- 
ior, although provision has been made for its ex- 
ion, with ultimate abandonment of the northern 
plant. 

The northern plant referred to drains what is 
itnown as tlie Evershed ti-act. It consists of a tank 
bout 5 feet by 8 feet in plan and 6 feet deep below 
fater line. It is housed over and has wired connec- 
tions for a motor-driven pump. The tank, with the 
connecting sewers, was built in 1897, and is sufficient 
offer a 24-hour detention of sewage. It has been 
the practice to clean the tank yearly, the operation as 
well as the original construction having been at the 
instance of the late E. P. Bowen. 

Mr. Wilson's report, previously alluded to, involved 
treatment of sewage in septic tanks and contact beds, 
At a site adjacent to the River Koad and to the bridge 
connecting the mainland with Cayuga Island. This 
site is perfectly feasible, but owing to its proximity 
to a summer hotel and to a thoroughfare which is 
much used by residents of summer camps on the 
Island it has seemed preferable to move the plant 
toward the north, where abundance of land is avail- 
able. Also, because of the narrowness of the marginal 
sti'ip between the River Road and Cayuga Inlet, it 
has seemed desirable to locate the disposal works on 
the northerly point of Cayuga Island itself, although 
this situation involves the construction of a costly 
pipe line under the inlet. 

The lengths of the collector lines, combined with the 
flatness of the ground slopes, render deep construction 
necessary, or else require the use of booster pumps. 
Comparative estimates of these alternatives leads to a 
decision in favor of pumping, as not only being more 
economic in ultimate cost, but also as offering less 
trouble from ground water infiltration, and as being 
more convenient for house drain connections. 

For present needs an interceptor in Military Road 
and in River Road from Creek Road to Duane Street, 
together with a short branch to the southerly side of 
Cayuga Creek, will suffice, and estimates have been 
based thereon, utilizing for purposes of profile the 
original Busch & Percival map of La Salle. This 
plan omits interception from three small drains at the 
easterly edge of the village, as it is more economic to 



suppress the use of these sewers for sanitary purposes 
imtil such time as the development of this territory 
warrants interceptor extension. Ther* will also be 
missed a small sewer in the Kosedale subdivision, 
which now contains two or three houses. In the 
northern section, immediately abutting the Niagara 
Falls city line, the sewerage is now complete. 

Profiles of the line described have not been included 
in this report, because of the absence of adequate data, 
but the general route is as shown upon plate ■')'2, and 
the quantities as shown in Table 158, 

TABtE 158,— /^«/iinate of maximum »emagr gunnttlie* 1350, 
tetcer Hset, La Eatte, N. 7. 
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Pumping, where necessary, it is plamied to ac- 
complish by small automatic centrifugal ptunps sit- 
uated in manholes and driven by a small motor lo- 
cated well above the water line. The automatic 
feature lies in the control switch for the motor, which 
is actuated by a float rising and falling with the 
level of sewage in the sewer. Details of such a 
scheme, together with a fuller description, are to be 
found in the portion of this report devoted to the 
situation at North Tonawanda. Altogether, two 
pumps will be needed in addition to the major in- 
stallation at the treatment site. 

Even with the aid of the booster pumps it will be 
impossible to entirely avoid construction below ground 
water, and inasmuch as all the sewer sizes are of 
pipe dimensions, it has seemed proper to include in 
the estimate an allowance for an enclosing jacket 
of concrete to withstand external hydrostatic pres- 
sure. 
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TREATMENT. 



The sewage treatment planned involves the use of 
an ImhoS tank coincident with the application of 
disinfecting liquid. Included also are coarse screens 
and sludge drying beds. The tank has been made 
rectangular in plan, with three flow-through cham- 
bers connecting to three pyramidal sludge pockets- 
Owing to the high ground water level, this tank has 
been made exceedingly shallow, which adds to the cost j 
of construction. The upper conipaitment has been 
proportioned to retain the average flow for 2,4 hours, 
while the digestion chamber has been designed on the 
basis of 1 cubic foot per capita. Provision has been 
made for reversing the flow of sewage, the weirs at 
both ends being in duplicate and fitted with galva- 
nized iron swing gates which will serve to throttle 
the flow at the influent weirs. The grit chamber for I 
this installation has been made exceedingly small. 
amounting to little more than a pump well, which 
will remove only the heavier portions of the grit. 
This is justified by the probability that the sewerage 
in La Salle will be of the sanitary type with op- 
portunity for the admission of but little road detritus. 

It should be understood that the design shown on 
plate 53 is not essentially final. It is merely a sug- 
gestion upon which an estimate has been based as 
providing funds sufficient for any similar type of con- 
struction, whatever may be the detail dimensions and 
features thereof. 

COST. 

The cost of the collectors and treatment works as 
outlined is shown in Table 159. 

The maintenance of both of these plants, together 
with occasional inspection of the collector and aux- 
iliary pumps, will require the constant attention of 
one man, and should amount to not more than $1,500 
per year, if due economy in the application of the 
disinfecting chemical is obtained. 

CONCLUSION. 

The existing situation at La Salle is such as to de- 
mand attention in the near future, the present drain- 
agf of untreated sewage into Cayuga Creek and ad- 



joining waters giving rise to a local nuisance and to 
the pollution noted in the Progress Report as obtain- 
uig at this point. Remedies for the relief of this 
pollution can be installed as described, to fit in with 
the future development of municipal sewerage, at i 
first cost of not to exceed $40,000, and at an annual 
maintenance cost for labor and materials and fixed 
charges of about $3,820. 
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per second, which is equivalent to a run-off of 0.56 inch 
per hour from the present drainage area. With the 
iiipid development of territory to the east and north, ii 
l'iicth«r burden will be placed nn this sewer unless some 
relief is provided. 

As hearing upon the disposal problem from an eco- 
iiomii' atfindpoint, the suggestion is offered that relief 
could be afforded by a similar trunk sewer in Asliland 
Avenue, with present terminus at Twenty-second 
Street. This trunk would pick up the liO-inch lateral 
at Twenty-second Street and all laterals east thereof 
which flow south to the prewnt trunk. As the districts I 
to the east develop, the tunnel should be extended to 
provide drainage for this territory. It is believed that j 
this construction would insure immediate relief, and in 
addition pi-ovide for all future demands within the 
limits of economic forecast. To satisfactorily pass 
present dry-weather flow, and to provide future maxi- 
mum capacity, this and similar sewers should be pro- 
vided with invert lining. 

Xu detailed estimate has been made on this pi'uject. 
as it has no direct bearing upon the present study ex- 
cept in so far as it affects the cost of ultimate collection 
of city sewage. Such construction wonld, however, 
bring the sewage from this district direct to the site 
selected as suitable for diuposnl. and thus reduce con- 
siderably the cost of collection. It is roughly estimated 
that the construction cost would not exceed $150,000 
as at present needed. 

It is assimied that if relief is necessary in other sec- 
tion.i of the city, such relief will take the form of re- 
cunstriietion along the general course of the present 
spwer.s, and will in no way affect the manner or point 
of crili'ction. 

WATER CONSUMPTION. 

The Niagara Falls water supply is furnished by 
two rival companies, the municipal plant and the 
Western New York Water Co., both of which filter 
and disinfect the raw supply. The private corpora- 
tion has 30 miles of mains and generally sujiplies to 
c<jnsuniers in the south end of the city, to a majority 
of the hotels, and probably exclusively to industrial 
plants south of Buffalo Avenue. The supply is en- 
tirely metered. 

The municipal plant has approximately 140 miles 
of mains distributed throughout the city. In the 
southern section the city mains parallel tliose of the 
private corporation and supply to a majority of the 
private consumers. But a small percentage of the 
supply is metered, water being furnished on a flat 
rate. 

During the year 1914 the Western New York Water 
Co. pumped to its system an average of 6.200,000 gal- 
lons daily, of which 1.2i50,000 gallons, or 20 per cent 
of the total supply, were imaccounted for. Of the 



water consumed. 60 [>er cent, or 3,000,000 gallons 
day. was for industrial purposes, including l,200j 
gallons fin'nished to the railroads. \ large 
centage of the lemainder was delivered to h< 
the conmiercial district, and to the New York 
Reservation in lieu of riparian rights. 

The average daily supply from the municipal 
during the same period amounted to 11,400,000 
Ions per day, of which appro-ximately 3,500,000 
lens were estimated to be lost in waste and 1< 
The industrial supply amounted to about l.TOO; 
gallons per day. Recent records show a tendency tfr 
ward a reduction of consumption. This has been 
recognized in the leakage figure under sewage flo«. 
and in a general decrease in the per capita rate br 
the future. 

The records of water consumption were not studid 
in detail, but sufficient data were obtained from tk 
two companies to allow of a reasonable estimnterf 
variations in consumption. The data secured c*- 
sisted of the total consimiption for each month of tk 
year 1914, the average daily rates for a full wm* 
during the months of June and December, and tbt 
liourly variations for a typical day. 

The total monthly consumption figures show bnt 
slight seasonal variations, the maximum of 112 pff 
cent of the average for the year occurring in Fehro- 
ary. and the minimum of 91 per cent occurring iti 
November. From the data assembled it has been 
estimated that the probable maximum variation for 
any one day exclusive of days of extraordinary drsiB 
on the system by reason of fires, breaks in mains, etc, 
should not exceed 140 per rent of the average dailv 
rale, and that Ihc luaxinuim daily variation for any 
one hour sliould not exceed 170 per cent of the averif^ 
daily rate for the year. This ratio, nhile applicuble 
to the total consumption, is not indicative of varia- 
tions in any subdivision of the total, and has been 
used as a check to other estimates. 

It is probable that the variations as indicated by the 
meter records do not show the actual variation of con- 
sumption, but are affected by the high rate of leakage, 
which is not constant, and which probably reaches a 
maximum in the absence of other drafts upon the sup- 
ply. It is considered, however, that the figures are 
indicative of sewage flow conditions. 

SEWAGE FLOW AND SEWAGE UNITS. 

A comprehensive survey of the city was made at the 
beginning of the work, in order to determine the ex- 
tent of industrial and commercial development. It 
was found that about 390 acres of land were entirely 
devoted to intense manufacturing development at the 
time and about 80 acres to commercial purposes of a 
varied character. These figures were projected^ 
rough 1950 values of 720 and 115 acres, i-espectm' 
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A subdivision of water consumption into classifica- 

r -*ion of usage is shown in Table 160. The percentage 

: each class listed as " returned as sewage " is the 

Bolt of a canvass in the city of Buffalo of over 200 

idostries and other large consumers. The table 

ows a supply of 440 gallons per capita, of which 

gallons per capita, or 68 per cent, is estimated to 

jj w returned as sewage. To establish values for the 

'ferent units of maximum Sow, measurements were 

I in three of the trunk sewers draining typical 

ricts — residential, industrial, and commercial in 

icter. These three districts were those discharg- 

[ to the Twenty-second Street sewer from north of 

lUgara Street to the Twenty-second Street sewer 

I the south, and to the Riverway sewer. These 

9 were taken at a period when ground water 

9 was high, and it was necessary to deduct a 

ain amount from the total as derived from that 

lOurce. It is recognized that, locally, infiltration ia 

Ji, particularly in the unlined tunnel sections, and, 

-therefore, a unit of 60,000 gallons per mile of sewer 

^. iras assumed as reasonable. This 6gure, applied to 

f.-84 miles of sewei-s, draining some -2,070 acres, amounts 

to 1,890 gallons per acre daily. A unit of 2,000 gal- 

, Ions per acre per day was adopted, and was used in 

connection with the gagings. This amount is that 

shown as the innltration unit in Table 160. 

Estimates of population in each of these districts 
were also made from the 1915 unofficial State census 
returns. Inasmuch as readings were taken at odd 
hoars, evaluations of maximum flows were effected by 
the application of variation curves from other cities. 
In the Twenty-second Street sewer the maximum 
rate was thus estimated nt 4..5 cubic feet per second. 
or 2.9 million gallons daily. The area above the point 
of gaging is 660 aci'es, with a population estimat«d at 
7.900 persons. The resulting maximum per capita 
flow was 200 gallons per day. Similar estimates on 
three other sewers of a residential character gave re- 
sults of from 200 to 240 gallons per capita per day. 



leading to the adoption of a unit for the^e studies of 
220 gallons per capita daily. 

The sewer selected for the estimate of industrial 
Bow drains territory which is truly representative of 
the intense industrial development at the Falls. The 
result here indicated an average maximum unit of 
14,500 gallons per acre per day. The area above the 
point of measurment is 199 acres, that portion devoted 
exclusively to industrial purposes is 112 acres, and 
the estimated population 1,200 persons. 

During 1914, the rate of industrial consumption, 
exclusive of railroad use of water, was approximately 
3.5 million gallons daily, and as the total industrial 
area is 390 acres, the consumption was at the average 
rate of 9,000 gallons per acre per day. If 70 per cent 
of this be considered as discharged during the 10 
working hours, this would amount to an average 
maximum rate of discharge of 16,000 gallons per acre 
per day. In order to allow for an unknown quantity 
of water pumped by industrial plants along the south 
shore, a unit of 15,500 gallons per acre per day has 
been adopted. 

The major part of the commercial district dis- 
charges through the Riverway and the Niagara Street 
sewers. The total area of this district is about 204 
acres, of which 70 acres are commercial in character. 
The resident population numbers 4,540. Tlie a\era{^u 
maximum rate of flow, as estimated from gagings cor- 
rected to maximum discharge, was 9.9 cubic feet per 
second, or 6,400,000 gallons per day. The resulting 
sewage unit for average nuximum rate is 72,500 gal- 
lons per acre per day. 

It is not claimed for these units that they nie Tiny 
more than rough approximations of true rninl'tions. 
but in the short time available the attainmcTit (if mv 
more definite was not feasible. A sumni;irv nf rli'vc 
units has been combined with the siihtliviyion of 
water consumption in Table 160 to permit of visiLil 
comparison. 



Table 160. — Wattr contvmpHoH and tevoage flow, ISH, Ifiagara Fallt, If. Y. 
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The sewaf;e-flow units of Table 160 applied to 1914 
iiiiil to IfiriO values of population and of development 
^ivc riw t'> the total quantities shown in Table KU : 
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SITES FOR TREATMENT. 

Hefore studying to any extent the detail featurect 
(if im intercepting system of sewers, a thorough study 
was made of the city and adjacent territory for avail- 
able disposal sites. Several of these offered, and com- 
parative estimates were necessary to determine the 
most economical from the viewpoint of the intercept- 
ors needed. Because of the extreme depth of the 
larger trunk sewers, the location of treatment works 
within the plateau region would necessitate pumping 
against a considerable head either at the trunk sewers 
themselves if a surface collector were constructed, 
or at a main pumping station in the case of a tunnel 
collector. Consideration was also given to the feasi- 
bility of collecting the dry-weather flow from the lat- 
eral sewers at the entrance to the shafts of the tunnel 
sewers and conveying to a point of disposal. Keither 
proposition is within reasonable limits of cost; in the 
first case because of the cost of pumping, and in the 
second because both construction and operation charges 
are prohibitive. 

The proposition of disponng of the city's sewage 
below the escarpment near Lewiston involves the con- 
struction of approximately six miles of tunnel, and 
in view of other possibilities would prove unreason- 
able in construction cost. 

For study and estimate purposes, a site has been 
selected on the slope of the gorge side at the foot 
of Ashland Avenue, and runninfi; north thereof. The 
total width of the atrip from the (iorge Route Railroad 
to the water's edge is approximntcly SOO feet and has 
a mrface slope of about 40 degroes. This condition 
exists in both directions for a cfinsiderable distance, 
and offers the most economic site for the disposal of 
the city's sewage. 



COLLECTION. 

With this location in view, a study wu 
determine the most economical means of * 
with reflults as Khown in plan on plate M ai 
tile on plate 55. The adopted project incin 
nel collector driven through the mck fnm 
Street at Second Street to Ashland A^enot 
section 6) by 9 feet, and lined with concrrte 
and sides. This interceptor will convey tl 
of the south territory to the treatment site. 
Riverway sewer at Niagara Street a divers 
is planned to deliver the sewage from thi» i 
the south collector at Main and Nia^r 
Cross sewers along tlie route of the collectoi 
charge their dry-weather flow through driil-t 
to the interceptor. 

From the Cleveland Avenue tunnel truni 
similar marginal tunnel collector is planne 
vey sewage fn>m the northern area to thi 
site, joining the stiuth collector at Ashland . 
a common extension to the i>oint of final 
From Cleveland Avenue to Chasm Avenue t 
em branch will be extended as a surface 
divert to the south the sewage of the Bath a- 
Avenue districts. 

The sewage from Garfield Avenue and f r 
Avenue it is proposed to convey to some 
point for separate treatment, the econom; 
arate treatment being quite apparent in vi< 
ccttector and pumping costs involved in oin-i 
main works. 

The basis of interceptor design is shown 
162. In the case of tunnel sewers econon 
atruction sections were desired rather than 
herence to capacity requirements, but in ' 
the lined portion is designed to take a lit 
cess of the maximum rate of dry-weather 
the surface collectors capacity figures have 
hered to closely. 

The location of the interceptors shown n 
is fixed within certain limits by existing out 
tions. The main portions of the tunnel w 
been tentatively located close to the face ol 
iiith the purpose of facilitating constructi< 
UHe of spoil disposing drifts to the cliff side. 

In all cases it is proposed to divert to the it 
only the dry weather or sanitary flow. S 
will be accomplished in the tunnel sewers by 
the trunk sewer with its crest at a predeteni 
vation, depending on the amount to be divrri 
interceptor, which will accept all diversioi 
level. Excess storm flow will overtop the 
discharge through present outlets to the rive' 

Similar provision is made in the case o 
sewers which are tributary to the tunnel 
except that the diversion sewers will lead to 
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maiihole chamber over the interceptor with connectioD 
thereto through drill holes of a suflicieiit diameter to 
avoid clogging. This method of connecting high- 
level and low-level sewers is already in use in the city 
for discharging to tunnel outlets. 

The northern sui'face collector from Chasm Avenue 

to Cleveland Avenue has been lociited In Whirlpool 

Street in order to intercept at a high levol and at the 

same time to provide cover for the collector. In tliis 

stance it is thought that leaping weirs will prove 

satisfactory as a means of diversion. These 

i should be adjustable and set so as to insme the 

ion of the maximum rate of sanitarv flow. 
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No great disadvantage will accrue as a result of 
excess flow in the tunnel collector in addition to that 
for which it is normally designed, as it is of sufficient 
section above the lined portion to care for considerably 
increased flow, and such excess as does find its way to 
the collector will only result in a slight reduction of 
treatment efficiency during storm periods. This re- 
duction will not materially affect the ultimate end, as 
otherwise a large portion would discharge untreated 
into the river. For this reason, it has not been 
(ieemed necessary to provide regulators to the inter- 
ceptor, for in addition to the constant attention re- 
quired, their operation is more or less problematical. 



Taslb 162. — Jfoximum lewagt diieharge 19S0, Niagara Pallt, N. Y. 
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Tlie Maple Avenue and Garfield Avenue collector is 
shown upon the plan, and is designed as a surface 
sewer to extend to a clitf side disposal site just north 
of the city limits. In order to avoid tunnel construc- 
tion for this line, it will be necessary to install a small 
automatic pump similar in design to that shown on 
plate 49 for North Tonawanda. From the pump 
chamber the interceptor leads north in Whirlpool 
Street to the treatment site. 

A branch of this north interceptor is planned to 
pick up the dry weather flow fi'om the M-inch trunk 
at Liafayette Avenue, where it now discharges down a 
shaft into the Garfield Avenue tunnel, nnd also from 
the 24-inch trunk in Garfield Avenue, conveying these 
flows at high level in the right of way to junction with 
the Maple Avenue branch. 

INTERCEPTOR COST. 

Estimates of cost for the coUectora described have 
Iten prepared, and are given in Table 163. 

TREATMENT. 

The treatment studies at Niagara Falls, N, Y., have 
been confined to sedimentation processes as effected by 
two-story tanks of the Imhoff type, or by fine screens, 



and in each case supplemented by disinfection with a 
solution of commercial bleach. 

As before described, tlie site selected as being the 
most suitable for the location of treatment works lies 
on the gorge slope at the outlet of the pi-csent Ashland 
Avenue sewer, and below the tracks of the Gorge 
Route Railroad. In considering the conditions at- 
tending the collection of sewage at the Falls, it is only 
logical that, if possible, ti-eiitment should be accom- 
plished below the level of the city. Moreover, the 
Ashland Avenue site lies approximately half way be- 
tween the far points of collection north and south, and 
offers sufficient area below the railroad for the location 
of the works. These, in brief, are the factors favoring 
the location suggested. 

The objection to this location is its proximity to the 
Gorge Route Railroad and the attending effect upon 
tourists, but this antagonistic feeling is purely psy- 
chological, and tends to become less aeut« in the aver- 
age mind with a realization of the importance of the 
subject. 

The unusual conditions of this site seemed to war- 
rant a more thorough study of the topography than 
was made in other cities on the American side, and ac- 
cordingly a stadia survey was made of the gorge side 
from the face of the vertical cliff to the water's edge 
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and for about 1,000 feet along the river. The topog- 
raphy is shown on the ground plan, plate 5fi. This 
area descends to the river ut an inclination of from 40 
lo 4'2 degrees, and the solid rock foundation is cov- 
fi"ed with 4 to G feet of soil and talus, necessitating a 
clearing of the araa, together with the cutting out of 
stepped footings. 

■|'\nJK Itk!. — ('«»f of inlcriei'li'r ajlu I ritr lion, \iiignrii FatU. 
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SEDIMENTATION. 

An outline of a plant for the treatment of the city's 
sewage by sedimentation, allied with disinfection, is 
shown on plate 5fi. 

The plan consists in the main of coarse screens for 
the removal of tlip liirger floating particles, grit cham- 
bers for tlio settlinti of the heavy inorganic solids, ii 
disinfection plant where the commercial bleach is piL- 
pured and applied to the sewage, Emscher tanks for 
the sedimentation and digestion of the suspended or- 
ganic matter, and sludge drying beds. 

In the north end of the city wilt be a subsidiary and 
similar plant for the ti'eatment of the sewage from the 
Maple and Oarfield Avenue districts. 

The plans and estimates for the treatment works are 
based on estimated future conditions as of 1930. 
These data are shown in Table 154. 
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mcnt, 1930, Hiagara FalU. 
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SOUTH END PLANT. 

The average rate of sewage flow is equivalmt C 
STl gallons per capita per day. The tanks have been j 
designed to meet conditions estimated at 120 per cent 
of the above ratf, or ei]iii\a]pnt to about 446 gallon 
per capita per day. The grit and screen chambers utr 
designed for ultimate conditions as of 1950 (see Table 
162), these structures being of relatively smsU cost 
and of such nature that they can be most readily in- 
stalled in full ultimate capacity at the present time. 

In the study plans the flow elevation of the tanks. 
top tier, has been taken as 475, with the second and 
third tiers lower by 20 and 40 feet, respectively. 
These elevations provide for sufficient fail from the 
interceptor outfall for the operation of weire for di*^ 
tribution. 

COARSE SCREEN AND GRIT CHAMBERS. 

The screen chambers as planned will be of i 
what wider section than the entering channel, 
floor slightly above the iiivcit of the entering ( 
nel. An overflow chamber at the side is desigi 
protect again.st flonding because of clogged sere 
Upon the raised floor are placed the inclined i 
frames carrying screen bars spaced IJ to 2 inch ^ 
ters. The overflow chamber is provided with ver| 
bai-s spaced on 4-inch centers. Cleaning will I 
complished with hand rakes and the screenings i 
(losed of in an incinerator (see further Dis] 
city refuse). 

The grit chamber consists of four channels wifl 
common inlet and outlet and so arranged that om 
more can be out off for cleaning or to enable adjfl 
nient nf the flow-tlu'iugh velocity to that suffit 
settle 'Mit the maxinmm amount of mineral 
Cleaning may be accomplished by shoveling ] 
detritus into small hopper cars running on indust 
tracks in the bed of the channel, or else a g^a^ 
hydniulic discharge can be devised. The plans incia 
provision for hand cleaning and for a hoist andT 
volving crane for lifting the hopper cars. It is 1 
pected that the grit will lie wasted or used to J 
plenish sludge beds. 

DISINFECTION PLANT. 

To provide for a sufBcient period for the acttoiiV 
the disinfectant upon the bacteria it is proposed^ 
apply the bleach to the sewage prior to entrance t 
the tanks, and in such quantity as to give a propor- 
tion of five parts of available chlorine per million 
parts of sewage treated. 

The disinfection house contains the necessary miX' 
ing apparatus, storage tanks for the prepared sola' 
tion, space for chemical, and automatic dosing appa- 
ratus. Details of a typical plant as proposed her^ 
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^^^B The removal of the dried sludge is provided for by 
^^^^ dividing the sludge beds into rows of three terraces 
^^H each, there being three such rows. At the foot of the 
^^^H lower terrace of each group will be an industrial 
^^^H track of narrow gauge for operating hopper cars. A 
^^^^1 wooden chute at the ejid of each second bed will dis- 
^^^H charge tlie sludge to the cars on the industrial tracks. 
^^^H These tracks are connected to an incline operated by 
^^^1 a small motor with cables for hauling the cars to the 
^^^^1 top of the bank, where the sludge will be transferred 
^^^H into carson a spurtrack of the Gorge Eoute Railroad— 
^^^H tlie spur track it is proposed to use in conjunction 
^^^H with the city transit lines in conveying chemicals to 
^^^H the treatment site and for removing the dried sludge 
^^^H to some point of disposal. 

^^^H Consideration was given to the proposition of pump- 
^^^H ing the wet sludge by compi-essed air to drying beds 
^^^H more suitably looated from a construction standpoint. 
^^^^B The only available sites were found to be distant 2 
^^^V to 3 miles from the treatment works. The long 
^^^B pipe line necessary to convey the sludge to the beds, 
^^^^1 with the attending line losses for pumping to con- 
^^^H sidersble distances, ciiused the abandonment of this 

^^B NORTH END PLANT. 

^^^H The general works as planned are similar to those 
^^^H for the South End plant, with individual character- 
^^^1 istics as noted. 

^^^1 The grit chamber consists of three chaimels pro- 
^^^B vided with inclined screens of the bar type, similar to 
^^^1 those designed for the Brighton plant at Rochester, 
^^^1 X. Y. The screens will be cleaned by means of hand 
^^^1 rakes. The detritus may be removed by flushing 
^^^1 through valve-controlled cast-iron pipes below the 
^^^^ floor and discharging on the slope below. 
^^^1 The sedimentation plant, consisting of one tank, 
^^^H corresponds in type to that for the main plant, but 
^^H will be 84 feet long, with two flow-through chambers 
^^^1 8.5 feet wide, having a flow capacity of 1.7 cubic feet 
^^^1 per second, which is 1-20 per cent of the average rat« 
^^H t-xpect£d in 1930. 

^^^H For conveying materials to the plant an elevator is 
^^^B provided on the face of the cliff. A small travel hoist, 
^^^1 operating on a structural frame, will deliver chemicals 
^^^1 fmm the elevator shaft to the disinfecting plant, while 
^^^1 the dried sludge will be conveyed in cars on an in- 
^^^m dined railway as at the major works. 
^^^1 The operation of this plant will require labor on the 
^^^^ iiverage of a few hours daily, and it is supposed that 
^^^^^^^ tins will be supplied from the main plant. 

^^^^^B SEDIMENTATION PLANT COSTS. 

^ I'vstimates of cost of construction and operating 
^^^^ liave been prepured for both plants. The former .are 


trUUARY WATEBS. 

set forth in tabular form below, and are compi 
the inclusion of royalty and engineering charge! 

TiBiK 165.— Cost 0/ coMtrurti'm. Imlwff tankt, Stm 
plant, Nwgnm Fall; .V. 7. . 
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FINE SCREENING. 



The studies relating to fine screens have been con- 
fined to those of the Eiensch-Wurl disk type, though 
without intention of excluding others from conBidera- 
tion. The sizes liave been selected upon the Sanitary 
Corporation ratings in such proportion that with 
all units in operation the maximum diversion planned 
will be accepted with an overload on the screens of 
about 70 per cent. During periods of average dry- 
weather tlow, with one screen out of commission, the 
bat&nce of the plant will be overloaded to the extent 
of 10 per cent. Provision is also made in the screen 
house for one extra screen. 

The long lines of rougli-tunnel sewers and the fre- 
quent drops in the lines of the surface sewers at 
Niagara Falls causes the suspended solids to he con- 
siderably comminuted. Because of the resulting 
attrited condition of the raw sewage as it will reach 
the treatment plant, it is believed that a much smaller 
percentage of the suspended solids will be retained 
on the screens than is usual in other localities. Rat- 
ing have therefore been based on ^-inch slots in the 
screen plates. 

As in the case of sedimentation, the screen effiuent 
will be treated with commercial bleach as a disin- 
fectant, although the dose required will be somewhat 
larger than in the case of the tank effluent. It has 
been assumed that seven parts of available chlorine 
per million parts of sewage will suffice. To provide 
for the time needed for the action of the disinfectant, 
tanks or channels must be installed to allow of a 
30-minute detention before discharging into the river 
waters, this period being based upon flows equivalent 
to 120 per cent of the average, which gives capacity 
sufficient to retain 1950 maximum flows for about 18 
minutes. To further compensate for the attenuated 
character of the sewage and attending inefficiency of 
the flne screens, it is proposed to secui% contact with 
the chemical in tanks of the two-story type, thus pro- 
viding for additional reduction of the suspended 
solids. 

An outline of the general plan for fine-screen treat- 
ment is shown on plate 57, together with a cross sec- 
tion detail of the detention tank. The plant consists 
of a combination grit and coarse screen chamber; 
fine screen house, disinfection plant, detention tanks, 
and sludge beds. No change has been made in the 
plans for treatment at the subsidiary plant. 

GRIT AND COARSE SCREEN CHAMBER. 

This chamber consists of three channels providing 
K reduction in velocity for the settlement of heavy 
inorganic matter. At the outlet end of the channels 
on a raised portion of the floor are set the coarse 



screen racks. The gril may be flushed through gate- 
controlled pipes discharging onto the slope below. 

FINE SCREENS. 

The screen house contains four 14-inch screens of 
the Riensch-Wurl revolving disk type, mounted in 
pits with structural frames, platforms, and operating 
equipment. An extra pit is provided for one future 
unit. The sewage enters and discliarges from the 
screen pits through channels, the ojwnings being con- 
trolled by gate valves. The retained solids are swept 
from the screen plates by brushes curried on a revolv- 
ing spider frame, and are removed into containers 
which are taken from the house at intervals by means 
of a trolley hoist. It is proposed to burn the screen- 
ings in an incinerator. 

DISINFECTION PLANT. 

The disinfection plant will be similar to that de- 
scribed under tank treatment, though additional 
storage capacity will be required in the fine screen in- 
stallation. 

DETENTION TANKS. 

A cross-section detail of the tank proposed for de- 
tention is shown on plate 57. This tank is to be 60 
feet long with two sludge compartments. The de- 
tention period is to be 30 minutes, based on 120 per 
cent of the average flow as of 1930. Each tank has a 
capacity in the flow chambers of 14,000 cubic feet, 
equivalent to 7.8 cubic feet per second, thus rendering 
a total of six tanks necessary. The method of dis- 
tribution to these tanks will be similar to that de- 
scribed under sedimentation. It is not possible to 
determine the percentage of reduction of suspended 
solids accomplished by fine screens combined with 80- 
minute sedimentation, except by experiment. It is 
thought, however, that this will be somewhat less than 
that obtainable by 2-hour sedimentation, and is of- 
fered as the minimum needed to accomplish the di^n- 
fection required, and at the same time secure a re- 
moval of organic matter comparable with that sug- 
gested for other riparian towns. 

SLUDGE BEDS. 

The sludge beds have been laid out on a basis of 
six persons per square foot, this amounting to one- 
half that required for Imhoff tank treatment It is 
probable that this allowance is more than ample, but 
any reduction is not considered wise in view of the 
lack of data on the subject Removal of the dried 
sludge is provided for in like manner to that de- 
scribed under the sedimentation process. 
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FINE SCREEN PLANT COSTS. 



The estimate of cost of construction of the above 
described plant is given in tftbnlar form below: 
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OPERATION COSTS. 

The estimated annual costs of plant operation, with 
subdivision thereof, are shown in Table 108. These 
costs are based upon conmion labor at $1.75 per eight- 
hour day, upon bleach at $25 per ton, and upon electric 
power at sliding rates according to published schedule. 
Provision has also been included for superintendence 
of the Imhoff tank plant ut $1,800 per annum and 
for a mechanic superintendent for the screen plant at 
$1,815 per annum. 

Tabix 168. — Annual coal of operation, Imhoff tank ptantt, fine 
tvreen plant, Niagara FatU. N. T. 
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POWER DEVELOPMENT FROM SEWAGE 
EFFLUENT. 

The subject of sewage treatment can not be left 
without pointing out the possibilites of utilizing the 
effluent for the purpose of power development. 

There is at present an average rate of sewage flow 
of 20 cubic feet per second available for this pur- 
pose. On the ground plan (plate57) of the Sne screen 
treatment project a small power house unit has beea 
shown, though not included in the estimate, whereby 
a head of 110 feet can be obtained. Operating under 
8 head of 110 feet, with a supply of 20 cubic feet 
per second, four units of Pelton impulse wheels would 
develop approximately 200 horsepower and would cost 
in the vicinity of $12,000 for complete installation, 
including supply line, Pelton wheels, automatic gov- 
ernors, and generattii-s. 

The operation of the disposal plant would require 
as a ma.«imum but 20 horsepower, leaving the bal- 
unce available for other purposes. 

REFUSE DISPOSAL. 

At the present time the mixed refuse of Niagan 
Falls is carted to a shaft over the Bath Avenue sewer 
and there flushed to the river at a point below Sus- 
pension Bridge. 

The refuse thus disposed of consists of garbage, 
rubbish, and street sweepings. Some ashes are found 
in the mixed refuse, but the larger portion of ashes 
is disposed of separately. Brush, weeds, lawn rak- 
ings, etc., are dumped on a vacant lot near the plant 
and burned. All other forms of refuse are dumped 
indiscriminately into the river with the possible ex- 
ception of bed springs and the like, too large to pass 
through the shaft. 

Irrespective of the applicability of existing United 
States Federal Statutes,' there is no question but what 
other menns of disposal of the city's refuse should be 
found and the present practice abolished. To this 
end. and in extension of the study of remedies for 
river pollution, there have been made rough e:?timates 
of the cost of an incinerator as the most satisfactory 
method of disposal and as further offering a means 
for the destruction of refuse fr-nm the sewage treat- 
ment works. 

Records are kept of the number of loads delivered, 
the time of arrival, and the name of the driver. No 
record has been kept of volume or of weight of the 
refuse, but from pei'sonal observation combined with 
the data available, it is estimated that the average 
daily collections Is about 75 to 80 cubic yards. This 
estimate does not include the ashes, which are dis- 
posed of separately. 

An approximate classification of mixed refuse has 
Leen made from weighted averages of the per capi;^ 
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can be constructed and operated treatment works in- 
volving diainfectioD of tiie sewage and concomitant 
reduction of organic matter. Included also are all 
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Table 173. — Total anitwal chargei, Imhojf tank and fine J 
plafttf , Hiasara FaUt, S. Y. 
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Tie city of Niagara Falls, Ontario, is located on 
the Niagara River, about one-fourth mile below the 
Horseshoe Falls. In addition to its chniacter us a 
stopping point for tourists, the city is chiefly a hydro- 
electric power generating center, though coutuiuing 
but few important industries. 

The corporate limits include about 1,C30 acres and 
extend 2.7 miles along the river. The river frontage 
is well built up with i-esidences, but the major devel- 
opment of the city is centered in the northwesterly 
section. 

Topographically, the country is fairly hilly, with 
slopes toward the Niagara River. The soil is shal- 
low, generally underlaid with solid rock from 2 to 5 
feet below the surface. 

POPULATION, 

r The growth of Niagara Falls in population is ex- 
hibited in Table 174. 

Tabu 174. — PojmtatUm. Niagara Fall*, Ontario. 
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The figures for the period 1871 to 1901, inclusive, 
Were obtained from census reports, while the balance 
were furnished by the city engineer and are noted as 
exclusive of hotel registrations of 200 and 700, for 
winter and summer, respectively. 

The evidence of Table 174 gives force to the fact 
.hot this city is largely residential, and that presum- 
ably owing to the low cost of power transmission over 
Government-owned lines, Niagara Falls, Ontario, un- 
like the American city of tlie same name, has not 
a06C8— 18 10 



proved attractive to power users, although retaining a 
possibility of future change in this resjtect. Forecast 
of population has accordingly proceeded along two 
lines, including for collector design an mcrease paral- 
leling that of the American city and adjacent territory. 
For treatment works figures the past performance of 
this city together with percentage increases of Berlin, 
Guelph, and Brantford during corresponding periods 
of growth have led to a population for 1^30 of 18,000. 

Of influence in these determinations was the knowl- 
edge that any interceptor will be constructed partly in 
tunnel, where the size of section will be the minimum 
permissible for construction ; and also by the fact that 
even with the population as fixed, the collector sizes 
will be moderate, and in any enlargement from needs 
fixed by the present rate of growth will allow for va- 
riation in development. On the other hand, the treaU 
ment works, standing for a smaller and by present 
standards more normal growth, can be readily enlarged 
as the need arises. 

The distribution of population has been effected by 
subdivision into two main districts, being those of 
Bender Street, which includes the southern and eastern 
section adjacent to the Falls, and of the balance of the 
city, which is here denoted as the North End area. 
This subdivision as regards the future population fol- 
lows the lines of present development, but lessens the 
existing preponderance. Table 175 presents the 
results. 

Tasuc 175, — Subdivision of population, NlaBcTa FaJlt. Ontario. * 
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The 1950 densities as computed from present-day 
drainage areas are greater than are warranted by tlie 
present characteristics of this city, but are intended 
to include provisions either for annexation of city 
area or for inland extensions of sewerage districts. 
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Ext«asioii8 along the river in either direction will 
hare no iniiuence upon eewerage suggested in this re- 
port. The distribution also locates the bulk of the 
population in that portion of the area to be served by 
interceptors. 

WATER SUPPLY. 

The city's water supply is taken from the Niagara 
Kiver through an inshore intake a quarter mile above 
the Horseshoe Falls. The water is pumped direct to the 
mains, the existing reservoir being held for emergency 
use only. Treatment with liquid chlorine is but oc- 
casional as designed to meet any increase in pollu- 
tion from that normal to the river at this point. 

Water consumption records are available from the 
year 1896 to the present date, but until November, 
1913, were based upon plunger displacement, and 
owing to breaks in counters and in other parts, the 
data are incomplete and unreliable. Detailed studies 
have, therefore, been confined to records since Novem- 
ber, 1913, when a Venturi meter was installed. These 
records show a total punipage of 1,287 million U. S. 
gallons during 1914, which is equivalent to a daily 
average of 3.53 million gallons, and to a per capita 
consumption of 307 gallons per day. 

SEWAGE UNITS. 

To convert the water consumption data into units 
of sewage flow it is necessary to take into account the 
variation in consumption and to provide capacity for 
seasonal, daily, and hourly fluctuations. A study of 
the water records with these ends in view establishes 
the following facts: 

The consumption for the niaximum montfa=116 per 
cent of the average monthly amount. 

The consumption for the maximum day=110 per 
cent of the average daily amount. 

The consumption for the maximum hour=125 per 
cent of the average hourly amount. 

A synchronism of these maxima leads to a maxi- 
mum maximiun equivalent to 160 per cent of the 
average. 

The water consumption figure of 307 gallons per 
capita daily may be expected to yield an average run- 
off of 05 per cent of this figure, or 292 gallons per 
capita per day, the balance being an estimate of that 
portion of the total supply lost in lawn and street 
sprinkling and in processes of manufacture. The 
particular expression of the ratio has been obtained 
from studies made in Buffalo as modified to meet local 
conditions. 

The application of the maximum rate of flow of 160 
per cent to the average rate of water consumption 
sewer discharge of 295 (202) gallons per capita daily 
gives a run-off of 4C7 gallons, or. as rounded off, 470 
gallons per head per day, which is the figure that has 
been used for collector design. 



No segregation of water-main leakage is pel 
and no estimate of its amount has been made be 
of a desire to retain a high run-off allowance a 
only conforming to the present rate of consum] 
but as including a possible increase in industrial 
sumption. Also many of the sewerage lines i&^ 
ara Falls are short, and in consequence require 
peak capacities. 

In addition to the sewage i-esulting from the 
supply, the sewers must be proportioned to acco 
date a certain amount of ground water infiltr 
This leakage inward is certain in districts whicl 
tain older sewers, ond is unavoidable even whe 
sewers are laid with due precautions and undc 
best conditions. The amount varies with the cl 
ter of the ground, rainfall, and the condition ( 
drains. Numreous estimates and measuremen 
daily leakage have been made in various cities 
range from 20,000 to 100,000 gallons per day pe: 
of sewer. A figure of 40,000 gallons per mile of 
has been assumed for Niagara Falls with due r 
to the nature of the giound, as finding its way 
sewers. This is equivalent to about 1,100 galloi 
acre per day. 

DRAINAGE. " 

For drainage purposes the city is at present di 
into four districts, which are fairly well sei 
The outlets of each division are shown upon t| 
companying sewerage map, and have capaoH 
shown in Table 176. I 



Bandar Straat. . . 

BaDMBBUMt 

P«rkStrwt 

FargUMn Stnat . . 



A fifth outlet is planned to discharge at I 
Street 

The system of sewerage is of the combined 
carrying both domestic wastes and storm watei 
inasmuch as the prevailing sizes are small, the s 
in some places are overloaded during heavy ntb 
though the outlets are, in all cases, sufficient tm 
the present and expected dry weather flow. ' 

The sewers are on fairly good grades throughoi 
city, the limits not remote, and the sewage on rea 
the treatment works should still be in fresh cond 
with consequent absence of offensive odor. 

TREATMENT SITES. 

There being four existing outlets, it is 
treat the sewage at four different sites, or else tO' 
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tion of storm water to enter the intercepting sewer 
until the maximum capacity is reached. The admis- 
eion of excessive amounts of storm water to the treat- 
ment works con be prevented at will by the regulation 
of storm overflow weirs at the works. 

A statement of expected sewage flow quantities, and 
of resulting interceptor sizes, is given in Table 177. 

Tabu 177. — 1950 teu>at/e ijvanliHei, ma^Hmum — Sewer titet — 
Niagara Falli, Ontario. 
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TREATMENT. 

Treatment-works studies have followed those out- 
lined in the general report, with limitation to sedi- 
mentation and to fine screens, each coupled with dis- 
infection by means of a solution of calcium hypo- 
chlorite. 

In the case of tanks, the dimensions and propor- 
tions of the plants have been selected to give a sedi- 
mentation of two hours for an amount of sewage 
equivalent to 120 per cent of the average flow. These 
quantities as of 1930 are exhibited in Table 178. 
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Consideration of fine screens has been restricted to 
on installation for the Korth End plant because of 
the small flow to be treated at the southern plant. At 
the major works the 1930 average flow has been fixed 



at 7.7 cubic feet per second with a possible maximam 
of 2'd.i cubic feet per second as the storm capacity of 
the interceptor. Upon commercial ratings, a li-todt 
Hiensch-Wurl screen having one-sixteenth inch slotsii 
capable of passing 9.3 cubic feet per second with t 8- 
inch loss of head. With two such screens the anil- 
able capacity is 18.6 cubic feet per second, or 80 pet 
cent of the maximum sewage flow. With one screa 
out of order, the second would accept the dry weather 
flow, but at time of storm would be working under u 
overload of 1(>0 per cent unless some of the sewigi 
were by-passed. It is probable that by speeding i^ 
and through additional loss of bead, a single screen 
could pass maximum storm flows. The loss of head in 
itself is not of moment, but its value is indicative of 
the removal of suspended matter, as any increase ia 
the velocity of flow through the screen plates an 
result only in a decrease in the percentage removal of 
solids, and in particular of those finer solids whii 
make up the bulk of the putrescible content of sewip 
The screen sizes indicated arenotentirely satisfad^ 
but have been embodied in the estimate as the a» 
mum and most economic permissible. 

SEDIMENTATION. 

The details of the two plants being similar, a geoertl 
description will apply to both. As will appear froa 
reference to the plans (plates 59 and 60), the featnni 
included consist of quieting well, grit and coua 
.screen chamber, disinfection plant, Imhofli ^nntrQ^ ud 
sludge-drying beds. 

QDIETING WELLS. 

Wells with bailies have been placed at the outlet of 
the vertical portion of the interceptor to reduce the 
velocity and turbulence of fiow. The baflle is of tlu 
underflow type, designed to prevent deposits. The 
wells are also provided with adjustable weirs at [he 
side to permit of by-passing any desired portion of 
the storm fiow. 



The grit chambers have been designed to allow de- 
tention of the flow for 45 seconds with a velocity of 
0.75 foot per second. Three channels have been used 
in the Bender Street chamber and four- at the North 
End installation, which provides in each case a span 
channel for emptying and cleaning without inter> 
ference with the regular process of grit settlement 

The detritus pit is hopper shaped and provided 
with a false bottom of wooden slats 1 Inch apart, 
hinged at one end so that they can be raised or lowered 
to vary the chaimel cross section and velocity as de- 
sired. The sand collected can be used for replenish- 
ing the sludge-drying beds and arrangements coaU 
be made for a gravity discharge from the pit. 
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Ab shown in plate 81, the disinfecticm procen is 
placed subsequent to the screens, the screen effluent 
with its charge of chemical flowing to a series of than- 
nela arranged in steps upon the hillside. These 
channels are such length as to secure a detention of 
15 minutes at the time of maximum flow, and of such 
cross section as to maintain for average flows a Te- 
locity of about 0.7 foot per second without regulation 
of outlet gates. The deaderata in this case are a con* 
tact period adequate for the disinfecting action of 
the chemical, and a velocity sufficient to prevent depo- 
sition of solids; the latter is upon the theory that if 
the organic removal effected by screens is satisfactory, 
there is no warrant in adding to the expense of 
maintenance by securing additional removal of solid 
contents. 

The di«nfectant will be added in the proportion of 
seven parts of available chlorine per million of sew- 
age, equivalent normally to 175 pounds of bleach per 
million gallons. 

COSTS. 

The construction and maintenance costs of the dif* 
ferent features of treatment as herein presented have 
been prepared in accordance with contract prices pre- 
vailing in Niagara Falls. For machinery and similar 
fabrirnted work, American prices plus customs duties 
have been used. Labor has been estimated at $2.05 
per dny, and power to the small extent needed at 4 
cents per kilowatt hour. The following tables are 
in summary of the detailed computations: 

Tadlb ITD. — CoHttnutUm rati of inteneptor, Vlayara rsRi, 
Ontario. 



Tamom UOl— CoMlraeffM eoct of tmltoff tmi**, 1 
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Tails 181. — CoMtmction rott of Imhoff lank*. VorS 
plant, ATiopara Falti, Onlario, 




The operation charges for the sedimentatioa f 
are computed in the aggregate upon the ■ 
that labor will be detailed from the major pluitl 
smaller as needed. 
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only will the screens be overburdened during storm 
flows, but also at times of dry-weather flow the labor 
costs include proviuon for but 16 or 16 hours* opera- 
tion, upon the questionable hypothesis that the very 
low night flows can be neglected. In this respect the 
tank plants possess an advantage in the manner with 
which they can be left without attendance, though still 
in operation. 

CONCLUSIONS. 

The finding of this report is to the effect that the 

city of Niagara Falls, Ontario, can meet restriction 



upon the river discharge of crude sewage by tl 
struction of Imhoff tank and disinfection tre 
works at a first cost of $83,C00 or less, and with 
labor and material charges of about $9,000. 
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in the ftmount of chemical needed. It is further be- 
lieved that the city c&n well afford the expense for 
the services of a competent chemist mannger for a 
short time to establish an effective working regimen 
and to instruct plant operatives. The result of such 
procedure would justify the expense by ultimate 
economy of operation and relief of nuisance in Smokes 
Creek 

STEEL COMPANY SEWERAGE. 

The balance of the city proper, which includes the 
steel company property known as Ridge Road village, 
is provided with sanitary sewers leading to treatment 
works of the nature shown on plate 64. This plant 
was designed by the City Wastes Disposal Co, of New 
York, and built by company forces in 1903, at a cost 
of about $20,000, of which $13,000 is applicable to the 
disposal works. Designed to receive the sewage of 
3,000 persons to the extent of 300,000 gallons average 
daily flow, one unit of the settling tank now receives 
some 80,000 gallons daily and is of size sufficient to 
provide about 12 hours' storage while the pump well 
capacity holds about 3J hours' flow, providing with 
float-operated pump average detention for half this 
period. The contact beds cover 0.125 acre, and with 
all beds in use receive a dose equivalent to 128,000 
gallons per acre per day per foot of depth. 

The effluent from both tank and beds indicates a 
considerable removal of organic matter, while both 
construction and operation of the works exhibit intel- 
ligent appreciation of the function and capability of 
the plant, being in pleasing contrast to the major city 
works. 

The effluent from the beds discharges through 3,100 
feet of sewer to a slip of the steel company canal 
extension of Buffalo Harbor, and inasmuch as the 
duration of flow in the discharge line is not less than 
30 minutes its upper end offers a favorable point for 
the application of bleach solution. As in the case 
of Bridgeburg, for which town the installation is de- 
scribed in detail, the first cost of a disinfection plant 
would be $2,000 at a ma.timum. With the small flow 
and with a dose of five parts per million the cost 
of chemical would not be large, depending upon the 
economy of application. The cost of chemical for a 
flow of 80,000 gallons daily at a dose of five parts per 
million with chemical in small lots at ^0 per ton 
would amount to $73 per annum, but the application 
of such minute quantities is not practicable. 

In addition to the sewage from the city proper 
there exists a certain but unknown amount of drain- 
age from the steel company's works and office build- 
ing. The sewage from these sources is mingled with 
the cooling water and other industrial wastes pumped 
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from the company ship canal by local plant to tb* 
extent of 65 million gallons daily, which is additioul 
to a gra^'ity supply of 44 million gallons daily. Tb* 
sewage is untreated and reaches Buffalo Harbw 
through the ship canal and a comprehensive drain- 
age system. No examination has been made as to the 
possibility of connecting the strictly sewage discharge 
to the Ridge Road treatment works, but a logical ex- 
tension of the application of remedies to boundary 
water pollution involves some such course as possiblj 
feasible through the agency of an automatic pump, 
with perhaps sterilization by steam as an economic al- 
ternative. It should be observed that as a source of \ 
pollution the works drainage is quite as serious u ', 
either of the company villages. 

CONCLUSION. 

Both the city of Lackawanna and the Lackaw&nBi j 
Steel Co. in their handling of the local sewerage qw ] 
tion have advanced materially beyond other townsi 
this vicinity. The existing treatment worlis effecti 
positive removal of solids in suspension, and may ab 
secure some reduction of pathogenic bacteria, thoii^ 
as pointed out in the general report, such action il 
neither uniform nor reliable. 

Conformity to the procedure suggested in the get 
eral report would involve the addition of disinfectica 
plants at a cost of not more than $2,000 each willi 
operation charges for chemical not to exceed $1,000 
per annum in the case of the major works, and a con- 
siderably smaller amount for the Ridge Road plant 
Also, there would be required means for collectinf 
and treating the strictly domestic sewage of the steel 
plant. 

Inasmuch as the remedies suggested are, though im- 
portant, of supplementary nature and capable of quick 
installation, and inasmuch as the total sewage di«- 
charge is comparatively small, it is believed that ftu- 
ther action in this case cnn be delayed pending de- 
cisive moves on the part of some of the larger townft 
In the meantime, however, the city authorities, either 
through efforts of their own initiation or with the Kid 
of the State board of health, can well devote attenti<» 
to an improvement in the operation of the city plant 
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land sufficient for the installation of settling tanks and 
contact beds when treatment of sewage becomes nec- 
essary. No estimates of the cost of treatment works 
have been submitted beyond that covered by the item 
for coarse screens. 

"When recourse to sewage treatment is had it is be- 
lieved that this village will 6nd it preferable to sub- 
stitute ImhoS tanks and disinfection for the contact 
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beds now in mind. This would not only accord with 
the sanitary needs of the river, but would effect econ- 
omy in first cost and in annual charges. The plant 
construction in this instance should not exceed $4 per 
capita, which for a population of 3,500 would make a 
total of $10,000. Annual operating charges would 
probably approach $1,500, with fixed charges in the 
vicinity of $600. 



CHIPPAWA, ONTARIO. 



^ 



This is a small village of 700 people, situated on 
both banks of Welland River at its confluence with 
Niagara River. The community is essentially rural 
and obtains its water supply from wells, which fact 
leads to a local feeling that drainage of some kind is 
needed, for at present any sanitary drainage is limited 
to two or three private lines to the branch river. 

Owing to the presence of the dividing river, sewage 
treatment for this community would be somewhat 
costly, involving the construction of parallel inter- 
ceptors on the two banks, and, if duplicate treatment 
is to be avoided, req.uires a siphon from one side to the 
other. These factors, together with the scattering de- 
velopment, would probably entail the construction of 
7,000 lineal feet of intercepting sewer, of which 2,500 
feet on each side of the river is applicable to the col- 



lection, with 2,000 feet of outfall to a treatment site, 
which has been placed tentatively at the northerly 
edge of the village. With interceptor lengths as stated, 
and to treat the sewage from a population of 850, a 
rough first-cost estimate would run about as follows: 



7,000 linenl feet interceptor, at J3._ 

Exiru for slplioo crossing 

1 BUlomatlc pump 



TSKATMENT. 



800 perwjns at 55— 



Annual charges would be about $2,200, of which 
$520 are allowed for labor, material, and power. 



QUEENSTON, ONTARIO. 



Queenston, an undivided part of Niagara Town- 
ship of the Province of Ontario, has a population of 
about 200, and is located on the Canadian side of the 
Niagara River immediately opposite to Lewiston. 
It is the terminus of the passenger line of boats ply- 
ing between the Niagara River and Toronto, but 
otherwise is a strictly rural residential community, 
with small chance for increase in population unless 
there should occur a serious development of power at 
the rapids in the lower Niagara River. 

Water supply ia derived entirely from local springs 
and wells. Drainage is nonexistent, except perhaps 
in the case of two or three local residences which 
drain direct to the river. There appears no proba- 
bility that this community will require the installa- 
tion of sanitary drainage for some time to come, but 
should the need arise it would be quite simple to sup- 
plement any strictly drainage lines by the addition 
of some 1,000 feet of intercepting sewer which would 
serve to carry the dry-weather flow to any of several 



sites, the most convenient, perhaps, being in the 
vicinity of the lower reaches of the car loop of the 
electric line connecting to the Toronto boat landing, 
although this site has the disadvantage of being lo- 
cated somewhat upstream from the village itself, an 
objection which, considering the small amount of 
sewage which would have to be handled, and the large 
volume of the river, would not be of much force. The 
construction of interception of this character, together 
with supplementary tank treatment, would be covered 
by the following estimate of cost: 



1,000 feet of interceptor, at $2.50 

Sewage treatment, 800 people, at |S-. 



- *2.B00 

- 1.800 



Total 4, 300 

As in the case of Lewiston, to which the community 
is in many ways similar, the operation costs should not 
exceed $500 per annum, with annual charges at 6 per 
cent of the construction cost. 
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LEWISTON, N. Y. 



The village of Lewiston, N. Y,, with a 1915 popula- 
tion of 800, is locnted just noi-th of the escarpment, at 
the head of navigation on the lower Niagara River. 
The area immediately abutting the river is utilized as 
a Bite for two summer hotels, and as the terminus of 
the Gorge Route Electric Railway. The tillage 
proper is located on the highlands, somewhat inland. 

The water supply is derived entirely from local 
wells, although the village is now considering the in- 
Btallntion of a pumping station and water mains, with 
the river as a source of supply. Of drainage there is 
none, cesspools and privies comprising the entire sani- 
tary conveniences, except perhaps in the case of the 
two riparian hotels alluded to, which are reputed to 
discharge their wastes into the river. The construc- 
tion of any sanitary drainage does not appear at all 
probable in the near future. 

Field inspections, with a view to fixing the lines of 
ultimate drainage development, have been made, and 
the conclusion reached that the major village will be 



sewered into a trunk line running down the main 
street to the river, with perhaps short laterals in lh« 
River Road itself. For treatment, an attractive fiit« 
is to be found on the river bank just north of tlu 
Gorge Route terminal loop, tliough others are feasible. 
Owing to the fall, available treatment works can be 
operated by gravity, needing only the construction of 
800 feet of intercepting sewer as that additional to 
the strict drainage needs of the village. A rough esti- 
mate, involving such collector, with tank and disinfec- 
tion treatment, would be as follows: 



SOO lineal (eel o( Intercepting u 
Sewage treatmeut, 900 persons. 



,ver, at 52.50 92,001 

!t $4 3,000 



S.«l 



Operation, with proper economic use of chenued, 
and with a part-time orrangement for the emplcj- 
ment of labor, would probably reach in the vicinity of 
$500 per annum, while fixed charges would be 
yearly. 



YOUNGSTOWN, N. Y. 



The village of Youngstown is situated on the right 
bank of Niagara River, adjacent to the mouth. It is 
a small farming community of 650 population, and 
serves as the center for a summer resident population. 

The water supply is derived from the river, and 
with very slight sedimentation in a water tower is 
distributed in its raw condition. It is stated by Mr. 
Martin Primus, village president, that etiorts have 
been made to install a mechanical filter, using alum 
as a coagulant, but that the plant constructed has been 
unable to meet the guaranty of 98 per cent bacterial 
removal. Consumption varies from 30,000 to 120,000 
gallons daily, the latter figure representing a summer- 
time maximum. 

The village is supplied with several storm drainage 
lines which discharge to the river. Generally the indi- 
vidual houses are provided with privies and cesspools, 
though some waste water and perhaps some cesspool 
overflows reach the river. In the case of the Union 
Public School situated in the village, the wastes are 
incinerated. Additional to the central village popula- 
tion there are a number of residences located along 
the shore road both north and south from the village 
proper, and it is quite probable that these either 
through cesspool overflows or directly discharge do- 
mestic wastes to the river. A number of small drains 



are to be found along the shore, and in some 
these have been laid by village permit; but inas 
as the outlets are generally submerged, their 
function is obscure. 

Field examination of the shore front and oti 
adjoining territory leads to the opinion that 
exists in Youngstown no pressing need for sc 
treatment. Should the future provision of 
drainage lead to a general discharge of munic 
wastes correction of resulting river coDtumina 
would necessitate the construction of 1^ miles of i 
lector with suitable tank treatment, although du 
its elevation above river level there would be no i 
for pumping. An exceedingly rough estimate of I 
resulting cost follows: 

Sewer, 6,600 lineal feet Interceptor, at $3_ flftSOf 

Treatment, 1,000 persons, M W.60 4.5W 

Tolol 24,300 

The provision of 6,600 feet of collector really in- 
cludes a certain allowance for local drainage that 
would be needed irrespective of the demand for treat' 
ment. In fact, the excess cost because of treatment 
should not go beyond $'20,000 as a maximum, Tbe 
annual cost for materials and labor would probably 
approximate $500, 
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NIAGARA-ON-THE-LAKE, ONTARIO. 



The municipality of Niagara-on-the-Lake is lo- 
cated at the mouth of the Niagara River, having front- 
age both on the river and on Lake Ontario, It is a 
sumnivi' residence center and is also the seat of the 
siinimer encampment of the Canadian militia. The 
population varies from a permanent figure of 1,400 to 
a, summer residence of 1.900, the latter figure in- 
cluding the hotel registration. 

Water supply is derived from the Niagara River, 
and ia heavily chlorinated because of the extreme 
pollution existing in the river at this point. Water is 
used to the extent of 150,000 gallons during the winter 
season and 400,000 gallons in the summer. The com- 
munity is sewered, with drainage through three out- 
lets which extend into Lake Ontario for a consider- 
able distance. In addition to these lines, the militia 
encampment discharges wash water into the Niagara 
River at a point close to the boat landing. The fecal 
wastes of the camp aie removed from the kitchen 
sinks to inland points and there buried, thus obviating 
any effect upon Niagara River conditions. 

The existing situation is probably one that does not 
directly concern the Commission, for while discharg- 
ing its domestic wastes into Lake Ontario, which is a 
boundary water, it is far from probable that these 



wastes are able to cross the boundary, owing to the 
barrier interposed by the swift current and large body 
of the Niagara River. For this reason no very de- 
tailed study has been made of the local conditions, 
although it is believed that with the improvement of 
upper river conditions it would be proper and desira- 
ble for the corporation of Niagara-on-the-Lake to 
initiate improvements which would conform with 
those installed by superior communities, not only as a 
matter of equity, but also to protect the local bathing 
beach. 

Sewage treatment, if installed, could probably be 
best handled in small individual tanks located at tlie 
several outlets which are separated some distance 
from each other, and are at such grade as to mak? 
perfectly possible the operation of the treatment 
plants by gravity. In brief, it is suggested that a 
proper intei'est in the improvement of the sanitary 
condition of the Niagara River district would lead 
the authorities of this town to construct at least small 
sedimentation tanks for the removal of organic mat- 
ter. The cost of such installation would not be large, 
although estimates have not been made for the reason 
as stated, that this community does not properly pre- 
sent a problem to the Commission. 



FORT NIAGARA, N. Y. 



Fort Niagara is a United States military reserva- 
tion situated at the intersection of the Niagara River 
and Lake Ontario. When fully garrisoned it accom- 
modates some 300, although at the present time the 
population is less than this number. Water supply 
is derived from the river, is treated, and the drainage, 
both storm and sanitary, goes through separate lines 
to the lake. 

This military post falls into the same category as 
its neighbor, Niagara-on-the-Lake, sewage treatment 



not being demanded as r remedy of conditions in- 
hibited by the treaty, although, as in the case of Ni- 
agara-on-the-Lake, an improvement of upriver con- 
ditions should be followed by some local installation 
designed to fit in with the general scheme, and to 
insure protection against the pollution of littoral 
waters which may reach the bathing beach situated 
between the fort and Olcott. several miles distant on 
the lake. 
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September 10, 191S, 
SiK : We have the honor to inclose herewith the Final Report of 
the International Joint Commission in the matter of the reference 
of August 1, 1912, submitted by the Governments of the United 
States and of the Dominion of Canada, under the provisions of 
Article IX of the treaty of January 11, 1909, between the United 
States and Great Britain. 
We have the honor to be, sir, your obedient servants, 

Whitehead I^nrrz, 

LaWBENCE J. BltBPEE, 

Secrelaries. 
The honorable the Secretary of State, 

Washington, D. C. 
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FINAL REPORT OF THE INTERNATIONAL JOINT COMMISSTON IN 
THE MATTER OF THE REFERENCE BY THE UNITED STATES 
AND THE DOMINION OF CANADA RELATIVE TO THE POLLU- 
TION OF BOUNDARY WATERS. 



I.— ijrraoDTJCTioN. 



Under the tenns of Article IX of the treaty of January 11, 1909, 
between the United States and Great Britain, the following ques- 
tiona were submitted by the Governments of the United States and of 
the Dominion of Canada to the International Joint Commission 
under date of August 1, 1912, for examination and report upon the 
facts and circumstances connected with the pollution of boundary 
waters, and for such conclusions and recommendations as might be 
appropriate : 



k 



1. To what estent und by what causes and In what localities have the 
bountlnry waters between the United States and Canada 

OriRiui nUtfMt. been polluted so as to be injurious to the public health and 
unfit for donieHlic or other uses? 

S. In what WB.v or manner, wlietlier by tbc construction and operation ot 
Ruitable drainage canals or plants nt convenient points or otherwise. Is It pos- 
sible and advisable to remedy or prevent the pollution of these waters, nnd by 
what means or arranpemeat can tlie proper conj^tractlon or operation ot 
remedial or prpventlve works, or a system or method of rendering these waters 
sanitary and suitable for domestic and other uses, be best secured and main- 
tained in order to insure the aitequate protection and development of alt 
interests lnvolve<l on both sides of the boundary and to fulfil the obUsations 
undertaken in Article IV ot the waterways treaty of January H, 1909, between 
the United States and Great Britain, In which it is agreed that tlie waters 
therein defined as boundary waters and waters flowing a^jross the boundary 
shall not be polluted on eitlier side to the inlnry of health or property on the 
other? 

The expression "boundary waters" is used in the treaty with 

DrBmiuoa sf boind- » Special meaning, being therein defined as 

UTwatm. follows: 

Tor the purposes of this treaty, boundary waters are defined as the waters 
from main shore to main shore of the lakes and rivers and connecting water- 
ways, or the portions thereof, along which the International boundury between 
the United States and the Dominion of Canada passes, including all bays, arms, 
and Inlets thereof, hut not Including tributary waters which in their natural 
channels would flow Into such lakes, rivers, and waterways, or waters flowing 
from such lakes, rivers, and waterways, or the waters of rivers flowing across 



the bonndsry. 
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In this report the term "boundary waters" shall have the mean- 
ing attached to it by the treaty. 

The reference as thus submitted is broad enough to require an 
investigation of all boundary wsiters as the same 
.rct^?'°"'°* "' "'' »rs defined in the treaty without regard to the 
present or future transboundary effect of their pol- 
lution on either side; but when it first came before the commissioa 
at its Ottawa meeting in October, 1912, a doubt arose as to whether 
or not the two Goveniments intended that pollution in all boundary 
waters was to be included in the investigation, and a letter was 
addressed to both Governments requesting an expression of their 
views in such manner as they might deem proper — 

As to whether or not the bron<! Hoope of the Inquiry Is to be clrcumacribeil 
by coastructlon so ns to cimflne the same to eases of pollution of the boundaij 
wnters upon one side of the boundary which may extend to and alTect the 
boundary waters upon the other aide. 

By letter under date of November 19, 1912, the commission was 
informed by Mr, Knox, Secretary of State, that the Governments of 
the United States and Great Britain had — 

reached an accord that the Inquiry fs to be confined to caxes of poUutton of 
boundnry waters on one side ot the boundary which extend to and affect tbe 
boundarj' waters upon the other side. 

The original submission as modified by this limitation constitates 
the reference under which the commission is acting. 

The treaty, in addition to prohibiting such pollution of boundary 
waters as would have the effect of injuring health 
Oniraion o( pDiiBtion qj. property on the side of the boundary line onpo- 
boaBdu). Site to that in which it originates, prohibits tbe 

pollution of rivers Sowing across the boundarj- 
line which has an injurious transboundary effect. The first ques- 
tion omits entirely any reference to polhition in these rivers, al- 
though it is involved in tbe second question submitted. The facts 
connected with pollution in rivers crossing the boundary line, how- 
ever, call for no special investigation; and (he commission regards 
it as clear that the treatment prescribed in tho case of rivei-s which 
are boundary waters should be made applicable to them. 

iitemu and urri- The reference has imposed upon the commission 
tor7 ttecua. grave responsibilities. From the language of the 

submission and this prohibitory clause of the treaty, it is evident th«t 
the object which the two Governments had in view in making the 
reference was to see that their reciprocal obligations with respect to 
the pollution of those waters should be fulfilled. By the traditions 
of each country a treaty obligation is of supreme sanctity and is the 
highest law of the State. Any conclusions the conmiission may reach 
and any recommendations it may make, may, if acted upon, affect 
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the physicnl health of millions of people who dwell along these 
waters, as well as the financinl and other interests of eight States 
of the United States and three Provinces of the Dominion. 

The people of both countries possess, in the splendid immensity of 
the series of waterways through whicli so much of their common 
boundan' passes, a heritage of inestimable Talue. Millions of people 
dwell in their watei-sheds. Along the banks of the rivers and Great 
Lakes communities which a few years ago were mere villages arc 
now in population, in social and industrial development, among the 
most important on the continent. Industries which have suddenly 
sprung up have an annual output of manufactured products aggre- 
gating in value $10,000,000,000. Agi'iculture and mining have kept 
pace with manufacturing in the line of expansion. According to 
official information the rural population of the watersheds culti- 
vate to-day over 100,000,000 acres of land, and the yearly yield of 
the mines is valued at $300,000,000. The boundary waters are the 
natural channels of intei-state and international commerce. The 
world possesses no other water thoroughfare comparable with the 
highway leading from the Gulf of St. Lawrence to the head of Lake 
Superior. While nature left comparatively little for man to do in 
adapting these waters to commercial needs, canals had to be con- 
structed at certain points, and rivers, channels, and harbors deep- 
ened or created. These works involved an expenditure on the part 
of Canada of $250,000,000 and on the part of the United States of 
$135,000,000, Vessels drawing 19 or 20 feet can now navigate the 
Great Lakes from Duluth or Chicago to Buffalo. Some idea of the 
magnitude of commerce on these waters may be gleaned from the fact 
that the vessel pas.sages up and down the Detroit River in 1916 
amounted to 37,852, the registered tonnage of the vessels reaching 
76,677,2&4, their passengers, including ferry passengers, numbering 
15,000,000 and their freight exceeding 100,000,000 tons, valued at 
something over $1,000,000,000. 

The Thousand Islands and hundreds of other attractive spots 
along the St. Lawrence River, the Great Lakes, and their connecting 
waterways, as well as in that splendid chain of boundary waters still 
farther west which lie within the Lake of the Woods watershed, 
afford unexcelled opportunities for rest, recreation, and pleasure, 
which are taken advantage of by a very large Soating population 
during the summer months. 

The directness of the water route from the Atlantic Ocean to the 
head of Lake Superior, the adaptation to water carriage of the 
freight borne by the lake boats, and the cheapness with which this 
freight can be transported by them, the completion of the barge 
canal from Buffalo to New York, the proposed enlargement of the 
Welland and other canals along the boundary rivers permitting the 
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passage of vessels of 28 or 29 feet draft from the ocean to tb 
heart of the continent, the fiituro settlement of the great wheat be} 
of Canada, the fringe only of which has been touched, and the pos 
Bible utilizntion of the 3.37r),0O0 dependable horsepower of tb 
boundary rivers, render the conclusion inevitable that the commerr 
and shipping on these waters and the wealth, the industries, and th 
population along their banks must in the near future reach dimer 
aions far exceeding their present attainment, and may ultimatel 
far surpass any area of similar extent in the world. In workin 
out the enonnuus possibilities of this vast section of the oontinet 
the proper observance of internal ional sanitary requirements will I 
a most essential factor. 

The first branch of the reference expressly calls for an inquii 

into three subjects: (1) The location and extent i 
BNv**f thttBiBiTT. the pollution of boundary waters, (2) the souro 

from which this pollution is derived, and (3) tl 
localities, if any, in which the pollution has a transbouudnrj effe 
injurious to healtli or property. Involved in this last subject is tl 
determination of what is an injury to health or property within tl 
meaning of the reference and of the treaty. The secootl branch 
the reference calls for the recommendation of measures and metho 
for remedying or preventing existing or future evils. 
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n.— PLAN OF PHOCEDTIHE IN THE INVEBTIOATION. 

While the answer t« the question in the first branch of the refer- 
ence covers chiefly matters of fact, the proper pro- 
wiiig'pinBuIi".''' "' t^«dure to be followed in the investigations re- 
quired the most careful consideration of every- 
thing involved, of the geographical and experimental limitations 
that might with advantage be imposed on the scope of the work, of 
the most suitable form of organization for carrying out the neces- 
sarily extensive examinations thoroughly, expeditionsly, and eco- 
nomically, and of the minor details of technique and general pro- 
cedure. Many of the matters involved called for expert assistance, 
and the commission enlisted the eympathetic aid and cooperation of 
sanitary experts, health officials, and others interested in both the 
United States and Canada in the preparation and carrying out of a 
plan of procedure. A conference was held at Buffalo on Decem- 
ber 17, 1912. at which, on the invitation of the commission, the fol- 
lowing officials and experts were present and participated: Mr. 
John Thompson, K, C. representing the Dominion Government; 
Dr. Frederick Montizambert, director general of public health for 
_the Dominion of Canada; Dr. Charles A. Hodgetts, medical ^- 
■■visor, commission of conservation, Ottawa; Dr. John A. Amyot, 
l-director of laboratories, provincial board of health, Toronto; Dr. 
J. W. S. McCuUough, chief health officer for Ontario; Mr. F. A. 
Dallyn, C. E., provincial sanitary engineer for the Province of 
Ontario; Mr. Theodore J. Lafrenii^re, sanitary engineer, provincial 
board of health of Quebec; Dr. Allan J, McLaughlin, United States 
Public Health Service, Washington; Hon. George Clinton, Buffalo; 
Mr. A, H. Seymour, secretary State department of health, Albany; 
Mr. Theodore Horton, chief engineer, Stat« department of health, 
Albany; Dr. Edward Clark, medical health officer. State hoard of 
health, Buffalo; Mr. George H. Norton, deputy engineer commis- 
Li.eioner, department of public works, Buffalo; Dr. Francis E. Fronc- 
ak, health commissioner, Buffalo; Mr. H. A. Whittaker, assistant 
Bfcdiroctor, laboratory division, Minnesota State Board of Health; 
TMr. John W. Hill, State board of health, Cincinnati, Ohio; Dr. Ed- 
V.ward Bartow, director State water survey, Urbana, 111.; Mr. W. M. 
liilla, president Niagara Frontier Pure Water Conference, North 
Vonawanda, N. Y. ; Dr. W. G. Palmer, member of the Niagara Pure 
PFater Conference, North Tonawanda; and Mr. Irving L. Pruyn, 
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Oneonta, N. Y. Representatives from the health departments of 
Michigan, Wisconsin, and Pennsylvania, although requested to do 
so, were unable to attend. 

The conference was organized, Mr. A. H, Seymour, secretary of 
Ihe New York Department of Health, being appointed chairman, 
!ind Dr. Allen J. McLaugldin, of the United States Public Health 
Service, secretary. 

The commission requested the advice of the conference as to the 
points in boundary waters where investigations should be made, the 
general nature of the investigations at these points, and other mat- 
ters of detail. 

Tile conclusion was reached that the points of investigation should 
include Eainy Kiver, St. Marys River, Lake St. Clair, Detroit River, 
Niagara River, the St. Lawrence River from Lake Ontario to a 
point as far below the international boundary line as should be 
tliought necessary, the lake waters in the vicinity of Port Arthur. 
Fort William, and Duluth, the lower end of Lake Huron in the 
vicinity of Sarnia and Port Huron, the western end of Lake Erie in 
the vicinity of Cleveland and Port Stanley, the eastern and western 
ends of Lake Ontario, and sections of the latter lake at Rochester and 
Toronto. It was contemplated that other points on the boundary 
outside of the Great Lakes system should be examined if subsequently 
deemed desirable. 

The conference further advised the commission that the investiga- 
tion should include a bacteriological examination of samples taken, 
including the bacterial count, the qualitative and quantitative esti- 
inntion of B. coli according to standard methods, and such chemical 
examination as might subsequently be deemed necessary. 

In February, 1913, a detailed plan for conducting the investiga- 
tion in its entirety was adopted, and Dr. Allan J. 
•r^lul^"*'"' '"^ McLaughlin was employed as chief sanitary expert 
and director of field work. With him the commis- 
sion associated Dr. J. W. S. McCullough, Dr. John A. Amyot, and 
Mr. F. A. Dallyn, C. E. For the sake of convenience these four 
gentlemen will hereinafter be referred to as "the sanitary experts." 

The carrying out of the adopted plan involved what is probably the 
most extensive bacteriological examination of waters the world has 
ever known. It embraced Rainy River, parts of Rainy Lake, parts 
of Lake of the Woods, Thimder Bay in Lake Superior, St. Mai^. 
River, Mud Lake, Detflur Passage, lower Lake Huron, St. Clair 
River, Lake St. Clair, Detroit River, the western end of Lake Ericj. 
the central portion of Lake Erie, the eastern end of Lake Erie, 
Niagara River, tJie western and eastern portions of Lake Ontario, 
the St. Lawrence River from Lake Ontario to Cornwall, and the St, 
John River so far as it forms the international boundary. The niuo- 
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ber of sampling points excwded 1,500, and the number of samples 
collected at them was over 18,000. The following table shows the 
location of the laboratories, the waters examined, the dates of the 
examination, the number of sampling points, and the total number 
of samples: 



July 8-33. RatnrHlvcr 

/uly SS-Aonijt IS. Laka Sapcrlor (Thtmdcr 

Bit). 
lung 3S-July IS L4ke BQpcrim', SI. Uaijt 

Rlrec. 

JdIv 3t-Aiicii9t SG Lata Haron, St, Cblr River. 

Hepteniber^OotobBr 10 Lake St. Clftfr, Dotroll Blwr 

E«pt«mbaM)cCob«r 3 Mtrolt River. Lake Erls 

October Lake Erie, Port StanlBy 

Uar se-Jmia IT l^akeErie, Nlngara niift... 

Warar-Junen Nlae«"Rl™r 

Atml 1D-Ua]> 33. L&keOntulo, St. Lawrence 



u 



Location otlsborstorlB9. 



Ua7 33-AiiKiut 27. . . 



aiTer. 
St. Clilr nivo-, u 
Clair, Detroit Klve 
I Erie. 
lela-JuIf 33 1 LokeErla 



kAanutU. 

n i-Ati|iutii.., 



I NfuH«R! 
J StVLawni 



ekltsr.. 



Fort Fmtcw, Ont 

Fort Arthur, Out 

Sautt Sto. Uvie, tOch.... 

9arDta,Oot 

Windsor, Ont 

Amhetstnui*. Ool 

Windsor, Ont 

FortErIa,Onl 

Nlaean.on-th*-Laka, Ont , 
Kingston, Ont 

Detroit, Mich 

U.S. rsrenaa mttor " Uor- 
rUl," 

Buffalo, N.Y 

Clayton, N.Y 

Van Baren, lie 

Port Huron, Mich 

Youngscaim, N.Y. 

Montreal, Qiiabec 



Points for the coUertion of samples were carefully located, but 
positions which might show exceptional pollution at sewer outlets 
were avoided, except in certain cases where information touching 
them was desired for special reasons. Owing to the extraordinary 
amount of navigation on these waters, fixed buoys were not feasible 
for the purposes of locating sample collection points and the work 
was carried on by a time and course method, the samples being col- 
lected at prescribed time intervals and along definite courses laid 
down on the charts of the waters. In swift-running water, as in the 
Niagara, Detroit, and St, Clair Eivers, diagonal courses were neces- 
sary in order to give some length to the cross sections and allow 
sufficient time intervals between the taking of the samples. The 
various field parties were all furnished with United States War 
Department maps showing a great deal of the topography of the 
areas under investigation, and also with copies of the sewer maps 
for the adjacent municipalities. 

In addition to the examination at these points, samples were col- 
lected to show the relation between local situations and municipal 
water supplies and to ascertain the character and extent of the pol- 
lution which might be duo to vessels navigating boundary waters. 
Both surface and deep samples were simultaneously taken at certain 
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points in the St. Clair, Detroit, and Niagar* IliTen in ardv It 
determine the effort of flt ratification. \VhJle some ntuations Ae* 
definite stratification, it may be aweptwl in interpreting the molb 
that for the waters under invrntigation surface samples nwainn 
directly the extent of bacterial pollufioii. 

The investigations were essentially bacteriological and the wodi 
was continiie<] at each sample-collection point during ■ period of ■ 
time sufficient to observe the (juality of water, irrespective of nuDorl 
variations. 

Besides Um bacterial examination, some float and tampenttttn 

observations were made and inquiries were carried 

otkar luu Hiiwt**. un ami dutn collected and compiled ns to area. 

[Kipiilation, location of water-supply intakes, qtun- 

tity of sewage discharged, for each of th« several municipalities in 

the areas under inve'digalion. 

Meteorological data relative to the several points of invcetiKntion 
for the periods of examination were furnished by the met^orolo^cal 
departments of the United States and Canada, and tlio St&te and 
provincial health bodies assiduously supplied the commission with 
such vital etatiatica as were available. From those statistics the 
death rate from typhoid fever per 100.000 has been computed for 
each of the municipalities either abstracting water from or draining 
into the boundary waters. 

The immense amount of information thus gathered and presented 
to the commission appears in the report of the sanitary experts. 
Maps were prepared to show the location of sample collection points, 
and charts and tables to show the bacterial counts, B. coli averojris— 
per 100 cubic centimetei-s for each of the sample collection poind 
together with the dates of collection and the maximum amou] 
encountered during the period of examination. This mwteriftl wfl 
published with the progress report of the commission under date ( 
January 16, 1914." 

With the object of obtaining information in addition to what 1 
been gathered by the sanitary experts in their t 
ubo'"''^*™!"*'*."* 'i""st'*'^ investigation, the commission held sittj 

at many places along the border and took the evj 
denco of a large number of people who were ac<]uainted with 1 
insanitar>' conditions of several of the districts affected by pnllntiot 
Memlwrs of the commission also personally examined most of 1 
points where pollution was strongly complained of. 

Messrs, Strceter and Powell, as a committee of the commissiao 
took evidence at Buffalo in the month of June, 1913, touching t 
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extent of pollution in the Niagara River and the effect of this pollu- 
tion upon the riparian towns on the United States side of the river.' 
Subsequently, during the months of September, October, and Novem- 
ber, 1914, and the months of June and August, 191G, meetings of 
the commission, at which the pollution of boundary waters was 
inquired into, were held at a number of places along the Niagara, 
Detroit, and St. Clair Rivers.'* 
In order that the commission ahonld, in a matter of such vital im- 
portance as was being investigated, know the atti- 
tude of leading exponents of sanitary science, it 
prepared and submitted a series of questions to a 
number of sanitary engineers of large experience 
and wide reputation in the United States and Canada, namely: Mr. 
George W, Fuller, of New York City ; Prof. Earle B. Phelps, of the 
United States Public Health Service; Mr. George 0. Whipple, of 
Harvard University; Mr. W. S. Lea, of Montreal; Mr. T. J. Lafre- 
niere, of the Provisional Board of Health of Quebec; and filr, F. A, 
Dallyn, of the Provincial Board of Health of Ontario. Tliese six 
engineers afterwards, on the invitation of the commission, attended 
a conference with it in the city of New York.* They are hereafter 
referred to as the " advisory engineers." Some days were spent in 
their examination, but the lengthy testimony they gave was con- 
densed by them into a resume of 14 points, as follows:" 

1. Speaking generally, water supplies tnken from strenmR mid lakes which 

recelre tbe drainage of agrlculturai nad (grazing lands, 

R(ian« of trotiBaiir. rural communities, nnd un.wwered towns are unsafe for 

use without purincatlon, but are safe for uee If purified. 

2, Water supplies taken from streams and lakes Into which the Bt?wage of 
cities and towns is itlrectly discluirsed are safe for use after purlficatloD, pro- 
vided tnut the load upon the purifying niechanlsm Is not too great and that a 
sufficient factor of safety Is maintained, nnd. further, provided that the plant 
Is properly operated. 

8. As, in general, the tioundary waters In their natural state are relatively 
clear and contain but little organic matter, the best index of pollution now 
available for the puriMse of ascertaining whether a water- purl Scat ion plant Is 
overloaded Is the number of B. coli per 100 cubic centimeters of ivatcr expressed 
as an annual average and determined from a coDBlderable number of conflrma- 
tory tests regularly made tbroughont the year. 

■ FrellmlDBr; report of commlllee bavlug geaeral BUpenlaion of tbe InvestlgRtlon re- 
lallDg to the poUuUon of boundary water> ; with dorumentB • • • telatlog to the 
petitions of tb« Erie and Ontario Saollary Caaal Co. tor permission lo divert 6,000 
aecond-feot Iroin Lake Erie. 1613. 

■ HearlnBi of the iDternatlaDal Joint CommldloD In re reroedlea for the poUdIIod of 
bouDdary waters t>ctweeii tbe United Slalea and Canada. 1014. 

■HearlDgs of tbe Internatloul Joint Commission In re remedies tor the pollution of 
boundary waters betneeu tbe United Slutea and Canada lOlG. 

'Conference with sanitary engini^ers at Mew Tork City, May 26 aod 27. 11114. 

* B&>iim£ o[ teiiUmaiiy of consaJtlng aanltary eoslBeera In the mattei ol Uie poUuUou 
of boundary waters. New York, 1014. 
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4. While present inforuatloa does not permit a definite limit of safe loadlne 
of a. water-purlfl cation plant to be established, it is our Judgment that this 
limit Is exceeded If the annual avernge number of B. coli la the water delivered 
to the plant 1b higher than about 500 per 100 cubic ceotlmeters, or If In 0.1 
cubic centimeter samples of the water B. coli la found 50 per cent of the time. 
With such a limit the number of B. coU would be less than the figure given 
during a part of the year and would be exceeded during some periods, 

5. In waterways where some pollution Is Inevitable and where the ratio of 
the volume of water to the volume of sewage la so large that no local nulHance 
can result, It Is our judgment that the method of sewage disposal by dilution 
represents a natural resource and that the utilization of this resource is Justi- 
fiable for economic reasons, provided that an unreasonable burden or respond- 
bllity Is not placed upon any water-purlfl cation plant and that no menace to 
the public health is occasioned thereby. 

C While realizing that In certain cases the discharge of crude sewage Into 
the boundary waters may be without danger, it Is our judgment that effective 
sanitary administration requires the adoption of the general policy that no 
untreated sewage from cities or towns shall be discharged Into the bonndaiy 
waters. 

7. The nature of the sewage treatment required should vary according to 
the local conditions, each community belug permitted to take advantage ol Itg 
situation with respect to local conditions and Its remoteness from other com- 
munities, with the Intent that the cost of sewage treatment may be kept reason- 
ably low. 

8. In general, the simplest allowable method of sewage treatment, such aa 
would be suitable for smalt comniuDlties remote from other communities, should 
be the removal of the larger suspended solids by screening through a one-fourth 
inch raesh or by sedimentation. 

9. In general, no more elaborate method of sewage treatment should be re- 
quired than the removal of the suspended solids by fine screening or by sedi- 
mentation, or both, followed by chemical disinfection or sterilization of the 
clarified sewage. Except In the case of some of the smaller streams on the 
boundary. It Is our Judgment that such oxidizing processes as Intermittent sand 
Bltratlon and treatment by sprinkling filters, contact beds, and the like, are 
unnecessary, inasmuch as ample dilution in the lakes and large streams will 
provide sufficient oxygen for the ultimate destruction of the organic matter. 

10. Disinfection or sterilization of the sewage of a community should be re- 
quired wherever there Is danger of the boundary waters being so polluted that 
the load on any water-purification plant becomes' greater than the limit above 
mentioned. 

11. It Is our opinion that, In general, protection of public water supplies Is 
more economically secured by water purification nt the Intake than by sewage 
purification at the sewer outlet, but that under some conditions both vrater 
purification and sewage treatment may be necessary. 

12. The baterlologlcal tests which have been made In large numbers under 
the direction of the International Joint Commission indicate that In most 
places the pollution of the boundary waters is such as to be a general menace 
to the public health should the water be used without purlBcallon as sources 
of public water supply or should they be used for drinking purposes by persons 
traveling In boats. 

13. It Is our Judgment that the drinking water used on vessels traverslDg 
boundary waters should not be taken Indiscriminately from the water traversed, 
unlesa 8nbjecte<1 to adequate purification, but should be obtained preferably 
from aafe sources of supply at the terminals. 
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14. WhUe recognizing that the direct discharge of fecal matter from boats 
Into the boundary waters may often be \^'lthout danger, yet iu tlie liitereiit of 
effective sanitary admin 1st ratios It Is our Judstneut thnt the ludiscrluilnate <Us- 
charge of unsterlllzed fecal matter from vessels Into the boundary waters 
should not be permitted. 

These views of the advisory engineers were given after most 
mature consideration on their part, and not only have they been 
of great assistance to the commission in arriving at the conclusions 
and recommendations expressed in this report, but their thorough- 
ness and exhaustiveness have been recognized by scientists on this 
continent and in Europe, frequent applications having been made to 
the commission for copies of both the testimony and the resume. 
It was necessary that the commission should form some reliable 
estimate of the cost of installing the requisite 
Kiitf»wriBg iDtaiti. fejj^e^iai works, and it determined to carry on its 
investigations in such detail that the engineering 
possibilities and difficulties would be fully considered and the cost 
of the ultimate projects determined within reasonably close limits. 
Prof. Earle B. Phelps, of the United States Public llciilth Service, 
was engaged as the commission's consulting engineer and was put 
in charge of the investigation. Engineering offices were established 
at Detroit and Buffalo, each office comprising a small but well- 
organized force, under Prof. Phelps' super^'ision, but in immediate 
charge of a district engineer. The Detroit office had charge of the 
investigation in the cities and towns bordering upon the St, Clair 
and Detroit Rivers, and the Buffalo office had charge of the investi- 
gation along the Niagara River. The investigations covered the 
following cities and towns; 

In the United States: Port Huron, St. Clair, Marine City, Al- 
gonac, Detroit, River Rouge, Ecorse, Ford City, Wyandotte, Tren- 
ton, Lackawanna, Buffalo, Tonawanda, North Tonawanda, Lasalle, 

I Kenmore, Niagara Falls, Lewiston, and Youngstown. 

I In Canada: Samia, Ford, Walkerville, Windsor, Sandwich, Am- 

herstburg, Fort Erie, Bridgeburg, Chippewa, Niagara Falls, Queens- 
ton, and Niagara-on-the-Lake. 

All of these cities and to^ns were asked to assist in the investi- 
gations in which they were respectively concerned. The examina- 
tions at Detroit and Buffalo were of much greater magnitude than 
the others, and this fact, coupled with the wish of the commission 
that these cities should be associated with the investigation in which 
they were interested, led to an invitation being extended to their 
officials to collaborate with the consulting sanitary engineer in the 

^_, prosecution of his work; and the commission expresses its apprecia 

^^H tion of their sympathetic and efficient cooperation. 
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On December 5, 1914, Detroit appointed Mr. Clarence W. Hubbell, 

a consulting sanitary engineer, to review the data 

Cuf^ntisa of pnb- ^^^ j.^^ conclusions of the commission's sanitary 

He iithorlUf*. . , j 

experts, and to report what means, if any, snould 
be adopted by the city for the purification of its sewage, and to 
what extent it would be justified in incurring expense for that pur- 
pose. Mr. Hubbell's office cooperated most closely with the com- 
mission's Detroit office during the whole period of the investigation 
so far as the work related to Detroit ; and the commission is pleased 
to report that his recommendations to the city and the recommenda- 
tions of the consulting engineer of the commission are in substantial 
accord. Buffalo furnished office space and equipment for the com- 
mission's staff at that city and furthered the progress of the investi- 
gation by supplying all information in its possession and by ren- 
dering valuable assistance to the commission's engineers, in addi- 
tion to making readily available all city maps and documents re- 
quired. 

The commission also expresses its satisfaction with the readiness 
and promptness with which the smaller cities and towns furnished 
the maps, data, and information in their possession. The Provincial 
and State health authorities also afforded the commission's engineers 
valuable assistance by providing them with maps and data in their 
poaseasion relating to the sewerage systems of those cities and towns. 
This was particularly the case in the Province of Ontario. The re- 
ports of the Chief of Engineers of the United States Army supplied 
hydraulic data of gi-eat importance, especially the data dealing with 
Great Lakes levels, river discharges, and elevations. 

The investigations began in March, 1915, and were completed in 
March, 1916, In carrj-ing them out it was neces- 
Trcitwit vrajecu. sary to prepare plans for treatment works adapted 
to local requirements and sufficient for the genei 
needs of the situation. For economic reasons the consulting engini 
adopted the existing sewerage systems as points of depaiture. Whi 
available, sites for treatment works were tentatively determined upon" 
and the necessary collecting systeins were planned to bring the sewage 
to those pomts. This procedure was necessarily largely experimental, 
as there were usually several possible and available sites for treat- 
ment works and frequently more than one possible system of main 
drainage. It was also necessary to plan these works with due regard 
to the future growth of the cities, and consequently in some instant 
sewer interceptois were planned for sections thereof almost whol 
undeveloped. This procedure generally led to the tentative adoptu 
of several major projects, all of them feasible and practicable, 
differing in the type of treatment works, in the number and locatii 
of the concentration points for treatment, the arrangement of tn 
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" line interceptors, and the substitution in some cases of pumping-sta- 
tion plants for deeper interceptor construction. In each case these 
various projects were worked out in detail, the necessary structures 
were designed to a point sufficient for comparative cost estimates, and 
they were then compared upon the basis of cost and general desir- 
ability. No attempt was made to exhaust all the possibilities; and 
it is not assumed that the remodial works planned are the most eco- 
nomic or desirable. Neither time nor funds were available for field 
surveys, except in some minor instances, such surveys not being con- 
sidered essential to the work. The engineering investigations were 
naturally and necessarily much less detailed than would be those in 
connection with a city about to construct new works. They were, 
however, in sufficient detail to develop in the case of all cities and 
towns feasible and workable plans for the collection and treatment of 
their sewage. The estimated cost is ample for the application of sat- 
isfactory remedial measures. Details of the proposed plans for col- 
lecting and treating the sewage of the various cities and towns are set 
forth in the report of the consulting engineer.' 

As soon as this report was submitted to the commis.ston it was 
printed, and copies were supplied to the different 
Hectinn. municipalities along the Niagara, Detroit, and St 

Clair Rivers, with an invitation to attend the meet- 
ings of the commission held, as before mentioned, at Buffalo and 
Detroit in June, 1916.' At these meetings the remedies suggested 
by the consulting engineer were discussed with the representatives 
of the various municipalities interested. A meeting of the commis- 
sion was also held at Ogdensburg in August, 1916, at which a large 
number of the municipalities on the upper St. Lawrence were repre- 
sented by their mayors, city engineers, and health officers. 

The commission also devoted considerable attention to the investi- 
gation of existing methods of sewage disposal. 

1 Report of th? coDflultInK canttBTy eoElnrcr upon rcineitlst m<^BsureB. M>r. 6, 1010. 
> RearlngB at tbe tDlernslloDal Joint ConinilBsloD In re temediM lot tb* poIlnOon of 
boundarir nstera bctweeo Uie United Statei and Canada. 1916. 
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The first question in the reference is — 

To what exteut and hy wlint euuaes ami In what kicalitlea have the t 
waters between the UiiIihI States and Canada t>een polluted so as to be to* 
Jurious tu the public health niid uu&t for domestic or other uses? 

To enable the commission to answer this question the detailed bac- 
teriological examination hereinbefore described was 

Soarra *«) tiunt made by the sanitary experts. A brief epitome only 
"'"'''*■ of their report can be given here. An extensive- 

examination was made of the waters in Thunder Bay and White Fi(J| 
Bay of Lake Superior, the lower end of Lake Huron, and the eastei 
ends of Lake Erie and Lake Ontario. They were found to be prac 
tically free from B. coll in 100 c. c. quantities, and to have a 
terial count of less than 10 on agar at 37° C. This, then, is the c 
dition of the water as it enters the St. Marys, St. Clair, Niagara, i 
St. Lawrence Rivers. The lower portions of Lake St. Clair and] 
Rainy Lake, the sources of the Detroit and Rainy Rivers, respectivelyj 
while appreciably polluted by agricultural and other drainage, shoi 
a remarkable freedom from extensive bacterial pollution. 

The waters of Rainy River, St. Mary.s River, St. Clair River, a 
of the Detroit and Niagara Rivers, in consequence of the unrestricted* 
discharge of sewage from vessels and towns, are no longer fit for 
domestic use unless subjected to extensive treatment in water-puriti- 
cation plants. Below the cities of Detroit and Buffalo the waters o{-^ 
the Detroit and Niagara Rivers, respectively, are so intensely ] 
luted that it is highly questionable whether by the aid of any ordi 
purification plant thej can be made at all suitable for drinj 
purposes. 

The waters of Rainy Lake, Rainy River, and Lake of the Wo( 
were examined during the period from July 8 i 

i.^'"'L.il^'"<.t"tta "^"^^ ^^' ^^^^' ■'■" '■'"^ examination 995 specimm 
wooai. were collected and reported upon. The waters ( 

Rainy Lake, subjected to agricultural drain 
showed a pollution amounting to 19 B. coli per 100 c. c, presumabi] 
the effect of this drainage, and of the construction of a big fill fo| 
railway purposes. The drinking water of the towns of Fort Franoi 
and International Fulls is taken from the head of Rainy River, i 
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was found to be seriously contaminated owing to the discharge of 
polluting matter in the vicinity of the respective waterworks intakes. 
Below the falls a very considerable pollution, averaging about 3O0 
B. coU per 100 c, c, exists throughout the length of the river. This 
is mainly attributable to the discharge of raw sewage by these towns. 
The polluted condition of the river is augmented by drainage from 
famis and small villages located at intervals along its banks, and 
markedly by sewage from the towns of Rainy River and Baudette. 

An examination was made of the water in the Lake of the Woods 
in the vicinity of the mouth of Rainy Kiver and showed an average 
of only 34 B, coU per 100 c. c. It appears that the self -purification 
and dilution had here operated to lessen pollution in the river. 

Rainy River throughout its entire course has been rendered unfit 
for domestic uses owing to the unrestricted discharge of sewage and 
other wastes. The population along the banks is sparse, with the 
exception of that of the villages and towns. If subjected to exten- 
sive water purification, the river may be used as a sinircc of drinking- 
water supply. 

The waters of Thunder Bay were examined during; the period 
from July 28 to August 15, 1913. In all, 922 sam- 
ThiBier B«7. ples of Water were collected and reported upon. 

Thunder Bay is extensively polluted iu the neigh- 
borhood of the towns of Port Arthur and Fort William, but not to 
such an extent as to affect Lake Superior. 

The waters of the St. Marys River were examined during the 
period from June 28 to July 16, 1913, 1,065 samples 

Bt. Mum Bu»r. being collected and reported upon. The results of 
the investigation show that Lake Superior at the 
head of the St. Marys River is practically pure. In White Fish Bay 
the pollution measures 6,5 B. coU per 100 c. c. The discharge of 
&ewage from vessels was shown to seriously pollute the waters in the 
lanes of vessel travel. Especially does vessel pollution menace the 
water supplies of the towns of Sault Ste. Marie (Mich.) and Sault 
Ste. Marie (Ontario) . The average pollution at the waterworks intake 
of the former city during investigation was about 25 B. aoli per 100 
c. c, and at the waterworks intake of the latter over 200 B. coll per 
100 c, c. Below the towns the pollution was shown to increase to 
291 B. coli per 100 c. c. A serious condition of the river continues, 
although in a less pronounced degree, down to Neebish Island. 

The pollution present in this river, due to the discharge of raw 
sewage by vessels and by the two towns of Sault Ste. Marie, affects 
very seriously the only available water supplies for summer resi- 
dents and for pleasure boats frequenting its waters. Water exam- 
ined in the Straits of Mackinac proved to be quite pure. 
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The laboratories stationed at Port Huron. Detroit, and Samit 
were in operation during May, June, July, and 
Lik« HoMM, St. August, 1913, for the examination of the waters 
cuir, ' of the lower end of Lake Huron, River St Clair, 

and Lake St. Clair. In all, 2,336 samples were 
examined and reported upon. The examination showed that the 
waters of Lake Huron at tlie head of the river would be practically 
free from B. coli were it not for the pollution from vessel sewage. 
Samples taken aliout 10 miles up the lake showed absence of B. eoU 
even in 100 c. c, while the water at the lower end, where veasd 
pollution is concentrated, showed an average of 9 B. coli per 100 
c. c. Below the towns of Port Huron and Sarnia the wat«rs of 
the St. Clair River for a stretch of about 34 miles are quit© unfit 
for drinking purposes unless extensively treated, the B. Coli con- 
tent found in the river water exceeding 200 per 100 c. c. The pol- 
lution below these towns is due to the combined effects of the dis- 
charge of untreated sewage from vessels and the towns along the 
shores. Any tendency toward self- purification of the river by 
natural agencies is counterbalanced by the sewage and drainage 
from the small villages and residences along its course. 

Lake St. Clair, which receives the discharge of the river, showed 
less evidence of pollution. Natural agencies promote in the lake 
a purification not found in the river. 
The laboratories for the study of the Detroit River and the western 
end of Lake Erie stationed at Detroit, AVindsor, 
Amherstburg, and on the United States revenue 
cutter Morrill, were operated during the months 
of May, June, July, August, September, nnd Octo- 
ber, 1913. Some 5,353 samples were collected and examined, includ- 
ing those taken in the western end of Lake Erie and at the mouth 
of the Detroit River. The situation with reference to the Detroit 
River is described by (he sanitary experts in their report to the com- 
mission in 1914,' as follows: 

The results of our atmlyees of samples taken above the intake (or the Detroit 
city water supply showed tils to be an unsafe source of supply without carefnl 
treatment. • « • Saraplea taken along the several cross sections from ttala 
polDt to the site of the Michignn Central tunnel showed a marked increaae Of 
pollution Id ttie shore samples. 

The water Intakes of Wulkervllle and Windsor ore both located in dangeroui 
situations, owing to tbe discbarge of sewage above these Intakes ami to a 
potential danger of cUmatoIoglcal variation diverting the intense shore pollu- 
tion to points from rthcnce It would affeut the water fnlnkes. In .spite of the 
efforts made by these towns to protect their supplies by means o( chlorlnatloa. 
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tbe tTphold rates remala too high. At times the pollution is so great that the 
((uantlty of chlorine required to overcome it elves an objectionable taste to the 
water. 
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Samples taken from a cross section over the Mlclilgan Central Railroad tun- 
nel showed gross pollutioD nt sample points near the Canadian and Unlled 
States shores, and a considerable pollution extending across the entire river. 
Samples taken from several cross sections showed gross pollution throughout 
the entire river from the Michigan Central Railroad tunnel to Fighting Island. 

From Fighting Island to tie mouth of the river the water Is grossly polluted 
and totally unfit as a source of water supply. It Is our opinion that such raw 
water would Impose 'an unreasonable respousibllity on any known method of 
puriflcntlon, even wlti the motit careful supervision. Unfortunately, Wyan- 
dotte, Trenton, and Amheratburg are talcing their water supplies from this part 
of the river. 

The extensive pollution of the Detroit Kiver is perhaps better indi- 
cated by saying tliat at its head the B. coll count is approximately 
6 per 100 c. c, and in the lower portions Just below Atnherstbiirg it 
Teaches the enormous figure of 10,592 B. coli per 100 c. c. 

The pollution in the Detroit River is occasioned by the discharge 
of raw sewage from its riparian communities, notably the city of 
Detroit, and by the sewage from vessels. 

The investigations tit the liiboratories at Detroit, Windsor, and 
Amherstburg show that while the wat«r.s of the western end of Lake 
Erie are extensively polluted by the flow of the Detroit Kiver, this 
pollution does not extend past the islands which separate this end 
from the remainder of the lake. 

Lake Erie, outside of this polluted area and the 

Ltkc IH«, polluted areas at the mouths of its tributaries and 

ils littoral waters, alTords a remarkable instance of 

self- purification. The purity of the main body of the lake was amply 

established by examination of its water at several widely separated 

stations. 

The laboratories for the study of the Niagara Kiver established 

at Buffalo, Port Erie, Niagara-on -the- Lake, and 

NiHir* BiT«r. Youngstown Were operated during the months of 

May, June, and July, 1913. 4,137 samples of water 

being collected and examined. This investigation showed that above 

Niagara Falls the grejit bulk of the pollution in the river, and due to 

the discharge of sewage therein, is confined to the marginal waters 

of the country in which it originates and that the sewage of Buffalo 

is polluting to a serious extent the available wat«r supplies of the 

two Tonawnndas and the city of Niagara Falls, N. Y. 

The effect of the pollution of the lower Niagara is to render the 
river water totally unfit for domestic uses unless purified. AH of 
the lower municipalities have been forced to install and operate 
water-purification plants, and the rcsulte of their operatioit show 
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only too clearly that the use of the water is accompanied by 
proper margin of safety. 

The investigation revealed the fact that the waters of Lake Onti 

are comparatively free from B. coU, with the ex- 

L*k( ontirio. Caption of an 18-mile radius from the mouth of 

the Niagara River, of limited areas at the mouths 

of other rivers, and of the littoral waters of the lake and of the li 

of vessel travel. 

The laboratories operated at Kingston and Clayton, as well 

Montreal, during the months of April, May, and 
8t. uir»K« Bi.M. August, 1913, for the purpose of examining the 
watei-s of the St. Lawrence River, collected and 
examined 1,890 samples. 

The St. Lawrence River is the only water supply available for 
the summer residents at the Thousand Islands and for the communi; 
ties along its banks. 

During the periud of examination it was observed that the pi 
ent practice of unrestricted discharge of sewage renders cei 
areas unfit sources of drinking water. Before the tourists appeal 
June, with the consiequent increase of boat ti'affic, the waters ai 
a remarkable slate of purity. Below the Thousand Islands pt 
lation is denser and considerable pollution exists throughout 
river, the source of which is the di.scharge of sewage from vi 
and from the riparian communities. 

The laboratories stationed at Van Buren in October, 1913, for the 

study of the St. John River collected and e.^. 

N. #akB Bim. amined 67'2 samples. The pollution in this river 

amounted to about 125 B. coli per 100 c. c. in the 

lata fall. This is excessive in comparison with the figures in the 

Detroit and Niagara Rivers, population and stream flow considered. 

This abnormal condition is attributable in large measure to the 

potato starch factories located along this river, the waste from which 

contains large numbers of bacteria capable of fermenting lad 

Reference has already been made to the numei-ous vessels navi| 

ing boundary waters and their enormous 
T«Mti ••iiitin. population and the pollution resulting there: 
This pollution not only clearly exists in bourn 
rivers, in harbors, and in the vicinity of water intakes, but 
found to a harmful extent in the Great Lakes, where its pi 
is due to the fact that vessels navigating lake waters ply in compi 
tively narrow lanes in order to avoid collision in the nighttime 
during fog. Upbound vessels follow one track and down-1 
vessels follow another, and the pollution is confined to the vici 
of these lunes. 
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Pollution from vessels is of two kinds: (1) Raw sewage in the 
shape of hiimnn excreta, garbage, etc., and (2) water ballast dis- 
charged by vessels on approaching ports of designation. This 
pollution is a serious menace to public health, not alone through 
the possible contamination of the public water supplies near their 
intakes, but also by reason of its effect upon the water supplies of 
other vessels following or crossing the same routes. 

Complaints were made to the commission regarding a form of pol- 
lution which is not of a bacteriological character, 
irW^^HrtL"* "*'* existing in the St. John and Rainy Rivers. It re- 
sults from the deposit of sawdust and other saw- 
mill wastes in the streams, frequently caut-ing nuisances by making 
the shores and bed of the stream unsightly, unclean, and malodorous. 
This pollution is also injurious to fish life. At International Falls 
and at Fort Frances objection was also made to the discharge of 
■wastes from the pulp mills on the Rainy River. Like complaints 
were made with respect to the St. Croix River, which in part forms 
the boundary line between New Brunswick and the State of Maine. 
The pollution complained of in the case of the pulp mills was chiefly 
due to chemical waste resulting from the manufacture of pulp. 
This form of pollution is also injurious to fish life and the fishing 
industry. The pollution from sawmill ami pulp-mill wastes has in 
every instance transboimdary effects detrimental to pi-operty and 
liealth. 

With the exception of sawmill and pulp-mill wastes no reference 
has been made to industrial and chemical wastes as a source of pol- 
lution. Contamination from these sources is at present so limited 
and local in its extent that the commission did not regard it as of 
sufficient moment from an international standpoint to call for any 
extensive scientific investigation. Unquestionably in the future, 
unless preventive measures are taken, pollution from all theise wastes 
will have a very injurious effect, and the commission has not been 
unmindful of this fact in preparing the recommendations herein- 
after made. 

The grossly polluted condition of boundary waters is doubtless 

the cause of the abnormal pi-ovalence of typhoid 

fever throughout the territory bordering thereon. 

The table following gives the statistics of death 

from typhoid fever in the cities and towns therein mentioned for 

a period of 14 years, beginning with the year 1903: ■ r- - -ijiiini"*^ 
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It may be incjdently mentioned that there is a tnnrked improve- 
ment in the statistical showing in the period since the commission^ 
investigation in 1913, This is largely attributable to the fact that 
in consequence of this investigation greater efforts have been made 
to protect water supplies by the use of bleacliing powder and liquid 
chlorine. The condition, however, is still far from satisfactory. 
Notwithstanding the general improvement, violent outbreaks of ty- 
phoid fever have occurred, and the potential danger must continue 
to exist in view of the extensive pollution of these watei-s and the 
limitations and inefficient operation of water- purification pi a: 
Not only have the border communities suffered from this conditio! 
but the navigation interests have also been injured very seven 
from the disastrous outbreaks consequent on the use of pollute 
boundary wat«r. 
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IV.— TaANSBOTWDARY EFFECTS OF POLLUTION. 

This report so far has dealt with pollution generally in boundary 
waters. The reference as amended calls for a further inquiry into 
pollution of the waters on one side of the boundary line which may 
extend to and effect those upon the other side. Some pen;ons who 
appeared before the commission argued for a literal interpretation 
of the language of the amended reference and suggested that the 
only pollution with which the commission is concerned is that which 
actually crosses the boundary line and has a transboundary effect. 
'\Vhile the commission does not accept this narrow interpretation, 
it must consider the extent to which, and the pla<;es at which, pol- 
lution has such an effect. 

The most intense and the most clearly demonstrable cases of pol- 
lution crossing the boundarj- exist in the Detroit 

Detroit Eii«r. and Niagara Elvers. The city of Detroit dis- 

charges into the former all the raw sewage from 
its estimated population of 850,000. On the United States side op- 
posite Amherstburg the pollution of the river reaches the enormous 
figure of 10,392 B. coli per 100 c. c, and its waters from that point 
to Lake Erie and the waters of that lake within a radius of about 
4 miles from the mouth of the river are very greatly polluted. Be- 
yond question the pollution from Detroit and the towns lower down 
the river crosses the boundary line and affects detrimentally health 
and property on the other side. A notable example of this is to be 
found in the condition of the shore waters of Bois Blanc Island, a 
sunmier resort on the Canadian side of the river which is extremely 
popular, especially with the inhabitants of Detroit. The island 
shore waters are very greatly polluted by the sewage from that city. 
The transboundary effect of this pollution may be estimated from 
the data given in Tables XII, XIII, and XIV, and the maps opposite 
pages 38, 39, 40, 41, and 42 of the Progress Report. Transboundary 
effects are detectable along the lower stretches of the river generally. 
Owing to the comparative smallncss of the towns on the Canadian 
side, it is not at present possible to trace pollution from them across 
the boundary, but these towns are growing rapidly, and if they ever 
attain anything like the size of Detroit or Buffalo, unless successful 
preventive or remedial measures are adopted, tlio river will be ab- 
solutely unfit for domestic purposes. 
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Ill the Niagara Rivpr, owing to the discharge into it by the cityj 
of Buffalo of the sewage of iiii estimated popula- I 
KiinnBiiBT. lion of oOO,000, the waters below the city on the! 

United States side are grossly polluted. This pol- 1 
liition is incrpased by the sewage from towns on both its banks bat I 
particularly from towns on the United States side. Until the Falls] 
are reached the grent bulk of the pollution, ns has already been I 
stated, is confined to the marginal wafers into which it is discharged.r 
At the Falls and in the rapids Irelow the Falls, however, the waters | 
are thoroughly intermixed; and the entire river from the whirlpool 
to Lake Ontiirio shows an intense pollution from shore to shore and 
from the surface to the bed of the stream. The flow of such an 
enormous quantity of grossly polluted water into the lake con- 
taminates its waters for a radius of about 18 miles from the river's 
mouth. The intensity of this pollution nuiy be judged from the 
data given in Table XIX on page 48 and on the map facing that J 
page of the progresj* report. This map shows that the maximum J 
iiverugL* of li. coU- per 100 c. e. at several points in this polluted area I 
of the hike during the period of exnmination by the sanitary expert* ] 
was 10,000, The Canadian area of this portion was found to be 
much more densely polluted than the United States area, the map J 
showing at some points in the former, distant about 10 mile^ from I 
the mouth of the river and about 6 miles from the international j 
boundary line, a uiaximiun average connt of 1,000 B. coli per 100 c 
There is n well-marked crossing of pollution from one side to I 
the other in the case of the Rainy River, the | 
St. Marys River, and the St. John River, al- 
though much less pronounced than in the cases of] 
the Detroit and Niagara. 

In the remaining boundary rivers pollution does not exist to ss] 
great an extent a.s in the Niagara and Detroit; 
rr»" " "* "' ' ^ ^'"' ^'^ trausboundary effect, where such effect ex- 
ists, is not easy of detection. The communities 
ahmg their hanks which have sewerage systems all discharge raw J 
sewage into the streams. It wa.s contended that the polluting mate- , 
rial discharged into them "hugs their shores," and while the effect 1 
may be very harmful to the health and property of lower com- J 
munities on the same side of a river, its effect upon the waters on the I 
other side of the boundary may be, and in the case of the larger J 
rivers is, practically nil. In judging of the transbonndary results I 
of pollution people are ordinarily influenced by the lack of palpable I 
effect at or near the point where the sewage is discharged. In all of I 
the boundary waters, notwithstanding the disposition on the part-J 
of the urban sewage they receive "to hug the shore" (assumingf 
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there is such a disposition), winds, cross currents, eddies, rapids, 
shoals, reefs, ice jams, differences in specific priivity between the 
sewage and the water of the streams, the form and varying courses 
of the channel, and the churning of the waters bv the propellers of 
st*am(>oats may, and in some cases do. cause such a commingling and 
diffusion of their waters that the polhition originating on one side 
is carried to some extent to the other side of the stream, although 
the contaminating elejuent may be so colorless as not to be detectable 
by the eye. Even in cases where transboundnry evil results can not 
be proved the probability of the pollution on one side passing over 
or affecting the waters on the other side of the boundary line is so 
great that the inhabitants on the latler side should not be forced to 
run the consequent risk to life, health, and property. The idea is 
deeply iTioted in the minds of many that running water always 
purifies itself. This lielief was put forward by some as a reason 
why no action should be taken in respect to these rivers. Undoubt- 
edly water does purify itself if it receives no accretions of contamina- 
tion and runs in its course a sufficient length of time. The banks 
of these remaining boundary rivers are generally densely peopled, 
and the communities along their course discharge their sewage un- 
treated into them, thus more than counteracting this cleansing or 
purifying influence. 
The waters of the Givat Lakes ciinstitutu a class by themselves, 

and except ut the points where the Niagara and 
Tkt Gnai i«k«. Detroit Rivers enter Lake Erie and Lake Ontario, 

respectively, there is no pollution in them which 
crosses fioni one side of the boundary line to the other, except it may 
be vessel pollution. This is clear when the condition of the central 
portions of the lakes is considered. Outside of a margin along their 
shores and the polluted areas at the mouths of the rivers tributary to 
Ihem, these watei-s are, with the exception of places where pollution 
from vessels exists, in their pristine purity. Take Lake Ontario and 
Lake Erie for examples. Notwithstanding the facts that these lakes 
are fed entirely by streams more or less polluted, including the 
Niagara and Detroit Kivers, with their immense flow of extremely 
contaminated water, and that there is poured into them the raw 
sewage of several very large cities and towns, so efficacious is the self- 
purifying power of water that, with the exception of this littoral 
margin and of those limited areas at the mouths of the tributary 
rivers, their waters, when unaffected by vessel pollution, are abso- 
lutely pure. This condition is an interesting one. The purifying 
power of nature, assisted by time, accomplishes here what human 
agencies and human resources find it impossible to duplicate. 
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Vessel sewage, which was found on examination by the sanitary 
experts to be a much greater factor in polluting 
f«™'7"»»i"'nu^! boundary waters than is generally supposed, is & 
matter of great international moment, and must be 
referred to in this connection. The commission does not commit itself 
to any view of the fiction or theory of vessel terntoriality, which 
has been much discussed by writers of international law, but 
a vessel may, and for the purpose of this investigation the commis- 
sion thinks should, be looked upon as a portion of the territory of 
the State from which she hails or in which she is registered. If 
sewage is discharged by a vessel on her own side of the boundary 
and then passes over tlie line, and tlicre affects harmfully health and 
property, the treaty is violated both in letter and in spirit. Is viola- 
tion of the treaty, however, limited to cases of this kind? The words 
of the treaty are broader than the language of the reference. The 
latter, taken literally, deals with pollution in boundary waters 
on one side of the boundary, which extends to and affects the waters 
on the other, or wliich, in other words, has both a transboundary 
extension and a transboundary effect. To bring pollution within the 
treaty it need only have one of these features — a transboundary 
effect. 

It might not he straining too much the language of the treaty, 
" health and property on the other " (meaning the other side of the 
boundary line), to regard it as indicative of national ownership or 
sovereignty rather than location. This construction, for instance, 
would prohibit the poUutioQ of Canadian boundary waters that 
might injure citizens of the United States who for the time being 
were exercising their treaty right to free and open navigation of 
those waters, and would also prohibit pollution of the United States 
boundary waters by Canadian vessels discharging their sewage 
therein. If the language is susceptible of this interpretation, such % 
construction would certainly be consonant with the spirit of the 
treaty. 

Independently of the point whether this construction is or is not 
warranted, the relations of the United States and Canada, especially 
with regard to boundary waters, demand that the question of their 
pollution should be treated on the broadest possible lines. 
The international situation along the boundary line is a phe- 
nomenal one. Not only is it one of the most vital 
iBtrraitioui titw- practical importance to each country, but it ia one 
„,trrt, on which each nation may felicitate itself as afford- 

ing a great object lesson to the world, showing how 
two liberty-loving, morally directed, and law-abiding peoples can live 
side by side in the spirit at once of friendly rivalry and perfect peace. 
Along the thousand miles of their territorial contact from the At- 
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lantic to the PaciBc there is nothing which suggpsts the existence of 
enniity or the possibility of military strife. Tho prnviaion of the 
treaty of Ghent that "there shall be a firm amt universal peaco be- 
tween His Britannic Majesty and the United Slates, and between 
their respective countries, territories, cities, towns, and people of 
every degree, without exception of places or persons," has happily 
fair promise of perpetual observance. Practically the two peoples 
commingle with all the freedom consistent with the physical and 
political barriers which separate them. This condition has led to 
an interweaving of interests which makes the bond between them 
one of more than international comity. The treaty right of naviga- 
tion is exercised at present to an enormous extent, and in the future 
will be exercised to a still greater extent. Along tho boundary 
waters the citizens of both countries fratemize sooiiiUy, select and 
patronize their summer resorts, invest their capital and engage in 
industries and enterprises, almost without regard to territorial 
sovereignty. Such freedom of intercourse, however laudable, has 
the attendant danger of being conducive to the spread of disease and 
infection if either country fails to observe .sanitary principles. The 
pollution of drinking water supplies and of bathing waters at Boia 
lilanc Island, on the lower Niagara, at the Thousand Islands, or at 
other summer resorts, or of the waters navigated by veBsels and 
yachts, might not only be an injury to the immense number of citi- 
zens of both countries who would be brought immediately in con- 
tact with the pollution, but would indirectly be a source of great 
peril to hundreds of thousands more. To illustrate the danger the 
following citation is made fi-om the United States Public Health 
Service Eeport for 1914, volume 29, page 393 : 

It Is Btnted tbat during one short period or (be summer'a cruise (referring to 
the voyage ot a lake boat) 77 cases of typhoid fever develnpetl as the reiralt Of 
the ase of Impure drinking water taken from the Detroit Hlvur. * * *. 

■ • ■ Invest IgntloDS by this service ot similar oatbrealu on thre* Grnt 
Lakes vessels during the summer of IfiJS allowed thut out of a tntal ot 7G0 
people there were over 300 cases of dlarrbea and 62 cases of tfphuld wftb 7 
deaths. 

The lamentable prevalence of typhoid fever referred to previonsly 
calls for consideration in thi>t broad international view of the ques- 
tion of poUatioQ of boundary watos. 



y.—lSJJTRY TO HEALTH AND PROPERTY WITHUT THE HEANDTQ 
OF THE REFERENCE. 

The commisaion having ascertained the necessary facts, both as to 
the extent anJ effects, including the tranaboundary 
.niri^tK^j ""^ effects, of existing polhition, was confronted with 
the very difficult problem of deciding whether or 
not the effect of this polhition was an " bijury " to health and prop- 
erty within the meaning of the reference. From the language of the 
second question in the reference it is evident that the object which the 
two Goveimnents had in view in making the submission was, as has 
been previously stated, to see that the treaty was observed in its 
integrity. This object is expressed as follows: 

In order * * * to ful&n the obllgatloiis uiidertuken In Article IV of t2ie 
treaty. 

Article IV, so far as it is necessary to quote it, reads as follows: 

It is further agreed tbat the waters bcreln defined iia boundary waters and | 
waters flowing across tlie boundary shall not be polluted on either side to 
Injury ot heulth or property on the other. 

The controlling words of this prohibition are "to the injury of j 
health or property on the other." It is necessary to consider tha 
meaning which is to be attached to the word " injury." Does it mean 
simply harm or damage, actual or potential, to health or property, 
without regard to any extrinsic considerations, such as justification 
or excuse on the part of those who cause the damage or ease of avoid- 
ance on the part of those who suffer from this harm or damage} It 
appears to the commission that a broader and more liberal view I 
should be taken than would suggest an affirmative answer to this 
question. It is necessary t(J consider tho language of the reference ] 
and of the treaty, and also tho law and practice of both countries with J 
respect to the pollution of waters. 

The common law respecting rights in streams is admirably set ' 
forth in the leading textbooks of both countries on i 

pDUitlos of waMr ., . „ , . - „ „ ■ ■, , I 

MinnkteonmaRUiT. waters, and IS especially well summarized by I 
Lord Macnaghten in the case of Young v. iSanhier | 
DixtiUcrt/ Co. et ah, decided by the British House of Lords in 1893.' 

A rlpHrlai) proprietor Is entitled to have the water of tlie slrenni, on the banks 1 
of whli^h hia property lies, flow dOM-n as it has been ncL-ustoniPd to flow down J 
to his property, subject to the ordinary use of the flowing water by upper pro- 1 
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s, and to auth further use, If any, on their part In connectloD with tbelr 
properly as may be reasonable under the circumstances. Every riparian pro- 
prietor Is thus entitled to the water of hia stream, in Its natural flow, without 
sensible tllmlnutloQ or Increase and without sensible alteration In Its character 
or quality. Any invasion of this right causing actual damage or calculated to 
found a claim which may ripen Into an adverse right entitles the party Injured 
to the Intervention of the court 

These principles are applicable to public bodies as well as pri- 
vate persons. While private rights, however, may be overridden by 
the acquisition of a prescriptive right, public rights can not. Without 
exception the riparian communities which pollute the waters of the 
boundary rivers do so in violation of the principles of the common 
law. 
It must be observed, however, that the circumstance.s under which 
these principles were evolved have greatly changed, 
"■■ and the physical features of the boundary rivern 
differ very much from those of the streams of 
England, where the common law originated. When settlements had 
been made along our boundary waters to an extent that urban com- 
munities commenced to grow, and sewerage systems in consequence of 
this growth began to be installed, such was the immensity of these 
rivers that settlers living farther down stream probably neither no- 
ticed nor protested against the discharge into them of what was rela- 
tively an infinitesimal amount of pollution. \Vhen these communi- 
ties, therefore, installed sewerage works they took advantage of the 
diluting powers of the rivers, and resorted to the simple and inex- 
pensive expedient of discharging into them their sewage in its raw 
condition. The custom of doing so has now become univei-sal. The 
selfishness of vested interests, familiarity with evil conditions, which 
has begotlen an indifference to both the doing and (he suffering of 
wrong, an ill-directed spirit of economy averse to the assumptiou of 
financial burdens to remedy what was only regarded as an existing or 
potential evil to other communities, and the disinclination to change 
' ingrainted in humanity, have resulted in a situation along the frontier 
which is generally chaotic, everywhere perilous, and in some cases 
disgraceful. The common law having proved inadequate to the task 
of controlling affairs, it has been supplemented or superseded by 
' legislative enactments, which in their practical working have about 
as signally failed. 
The great difficidty is that in the United States and in Canada, 
as in all countries, in fact, modern development, 
'Hi social and economic, has introduced a number of 
new elements into the question of sewage piirifica- 
I tion which call for the reconsideration of views and methods which 
have fallen into disuse. 
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It must be admitted that the conservation of public health is of 
paramount importance under the treaty. This is 
ssBiurj eneiiiifr*. evident from Article IV to which reference has 
>nMdiTa. been made. The significance of sanitary considera- 

tions is also evidenced by Article VIII of the treaty, 
which contains the following provisions : 

The following order of procedure sball be observed amoDg the various naea 
enumeratBil hereafter for tltese watere (meanag boundary waters), and no P«e 
Bhiill be permitted wlileh tends niaterlaliy to conflict witb or restrain any other 
use whlcli 1b given preference over It in this order of procedure : 

1. Uses for domestic and sanitary parposea. 

2. Uses for navigation, Including the service of canals for the purposcB of 
navigation. 

3. Uses for power and for Irrigation purposes. 

Although this order of procedure is in respect to certain uses: 
enumerated in this particular article, it may b« 
tDHttoNT ' ""'^^ taken as indicative of the view of the high contract- 
ing parties regarding the importance of sanitatioiL 
Notwithstanding this, the discharge of sewage into streams can not be 
looked upon exclusively from the standpoint of its harmful effects 
upon health and property. The reference itself does not so look upon 
pollution. One of the f]uestions in its second branch is, "By vfhat 
means or arrangement can • • * a system or method of render- 
ing these waters sanitary and suitable for domestic and other uses be 
best secured and maintained in order to insure the adequate protection 
and development of all interests involved on both sides of the boun- 
dary!" The growth and development of riparian communities 
would be seriously arrested if pollution were looked upon from this 
standpoint exclusively. While public health is the paramount con- 
sideration, it must be looked upon, however, as only one of a large 
number of elements in the many-sided and complex question of the 
public weal. 

The pollution of rivers in England has been the subject of inves- 
tigation by royal commissions which have been studying the question 
very tborougjily and almost continuously for about 50 years. Their 
investigations have covered nearly all the rivers of England and 
practically nil the various phases of the problem of river contami- 
nation, and the voluminous reports submitted by them from time to 
time are very valuable and deserving of careful study. The conclu- 
sions and recommendations made in these reports, while recognizing 
sanitary considerations as first in order of precedence, are based 
upon the implied ossiunption that the solution of the problem lies 
in the proper balancing of the various conflicting elements existing 
in the individual cases. 
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The parties who appeared before the commission discussed the 

question of "injury" almost entirely as viewed 

"^"^" M "** ^'■""' t"° stiindpouits: First, from the standpoint 

i«rMw«nritin. "" of tlie relation between the riparian communities 

which pollute the waters of the streams and those 
eominimities which suffer in consequence of the pollution of their 
water supply; and, second, from the standpoint of the agriculturists, 
the floating population of summer resoi-ts, casual visitors, picnickers. 
campers, yachtsmen, and crews and passengers of vessels frequenting 
boundary waters. 

The dillicuUies arising from viewing the situation from the first 
standpoint will appear by considering the supposititious tase of town 
"A" and town "B," the first town being situate abovL- the other on 
the same bank of a boundary stream, the former discharging I'aw 
sewage from its sewerage system into the river, the latter being 
obliged to drink the water thus contaminated or to purify it at its 
own expense. To compel "A" to purify its sewage absolutely or com- 
pletely would, under present conditions and in the present state of 
sanitary engineering practice, involve a financial burden too great 
for that town to bear, a burden which might rctanl its progi'ess both 
industrially and in respect to population- On the other hand, to per- 
mit "A" to relieve itself of any reasonable financial burden by throw- 
ing its raw sewage on the waterworks intake of ■' B " and thus com- 
pelling that town either to drink coutaminated water, or to assume 
an unreasonable financial burden in purifyiug it, would be an act of 
injustice which no fair-minded community, with a proper apprecia- 
tion of (he evi! inflicted, would perpetrate or continue, and one to 
which no community should be asked to submit. If the harm which 
would be done " B " could be remedied, however, by the assumption 
of a financial burden which would be reasonable under all the circum- 
stances of the case, tliere would not be an '' injury " within the mean- 
ing of the reference or the treaty. 
From the second standpoint, that of the agriculturist, the floating 

population of summer resorts, etc., the question of 
UbJ^« oi'™' "r " "^i"""? " "n^P"" tbe reference is a much more diffi- 
rMMiBti, tit. <^"lt one. The shores and islands of the boundary 

rivers and lakes must particularly be considered. 
Their scenic attractions, their pure air and salubrious climate, their 
opportunities for bathing, fishing, and yachting, and their ease of 
access, affording facilities for rest, enjoyment, and health restora- 
tion to unlimited numbers, are invaluable assets, factors in progress 
and civilization which should not, unless under the pressure of abso- 
lute necessity, be destroyed. The harm done by existing polhition to 
bathing resorts can not be remedied except by preventing the dis- 
charge of sewage into the waters which flow to them. Contamination 
of the sources of the drinking supplies of those classes of people is a 
most serious matter. The millions whom it affects or may affect are 
87873—18 3 
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more exposed to danger than are the urban inhabitants who drai 
their water supplies from public water systems. Such systt'ms hava 
been installed by sanitaiy engineers and generally afford a reason- 
ably pure drinking water. These classes, however, have no (Siicli pro-- 
tection and it is difficult fo devise adequate means of protection which 
thoy could utilize. The fact that they consist in a large measure of' 
children, especially at the summer I'esorts, must also be taken into 
account. What would, therefore, be an " injury " to them might not 
be an "injury" to riparian communities with water-purification 
systems. 

The commission regards the word " injury " when used in the refer- 
ence or treaty as having a special signification— «ne 

Dfamition or "lo- gomcwhat akin to the term 'injuria' in jurispni- 
rricreoce. dencc. It does not mean mere harm or damagu, but 

harm or damage which is in excess of the amount 
of harm or damage which the sufferer, in view of all the circumstances, 
of the case, and of all the coexistent rights (if it be permi-s-sible ta 
use the term in this connection), and of the paramount importanc»<| 
of human health and life, should reasonably be called upon to bear. 

In the case of the Detroit and Niagara Bivers pollution exists oni 

"iDjun" I" (»»• *^^^ ^^^^ "^ '■'*® boundary line which unquestionably 
ireit ud HusuiBii- is an "injury" within the meaning of the treaty 
""■ to health and property on the other. 

In the case of the Rainy River and the St. John River, pollution 
nlao exists on one side of the boundary- line which 
•»i SL^hm BITOT.'' ^^ ^^ "injury" within ihe meaning of the treaty 
to health and property on the other. 

In the case of these four rivers the pollution is transboundary both 
in its effect and extension. 

In the case of the other boundary rivers the commission is unable 
lo say that at the present tinie pollution does exist on either side of 
the boundary lino to the injury of property upon the other, although 
it is of the opinion that at times it does. As populations along tbe<r 
banks grow, pollution having both transboundary extension and trans" 
boundary effect will doubtless increase. 

In the division of this report which treats of pollution having' 
transboundary effects a broader view of the question of pollution isi 
taken than the literal words of the reference and treaty might bfc' 
thought to justify. In the broad view there expressed pollution I 
exists throughout the whole range of boundary waters, which is uiv> 
" injury " to health and property in both countries, and comes withil 
the spirit of Ihe prohibition of Article IV of the treaty. It is noi 
necessary to consider the limits of permissible pollution, or the extenl 
to which pollution which might cause this " injury " should 
restricted. 
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VI.— LIMITS OF FERinSSIBLE POLLUTION AND STANSABSS OF 
SEWAGE FITBIFICATION. 

Two distinct lines of policy with regard to the disposition of 
sewage in boundary ivaters were suggested to the commissioii. (1) 
To look upon them as open sewers for the reception of riparian 
pollution of all kinds, and (2) to restore the purity of the boundary 
waters as far and as fast as a comprehensive and adequate appre- 
ciation of all interests involved will permit. 

The first policy would not only be contrary to the treaty and the 
principles of international law, but the continued discharge of un- 
treated sewage into boundary waters by either country would, in 
the case of the Niagara and Detroit Rivers especially, be increas- 
ingly injurious to its own riparian communities farther downstream, 

The advisory engineers in their resume, which has ah'eady been 

set forth in full in this report, say : 
OpiaioB or (diiiDn '^ ' •' 

tasiiftn. "i" u to Willie realizing that in certain cases tile discharge of 
Ike diirinrsp ni tmw ^rmje sewage into the boundHry waters may be without 
^,(jj,_ danger. It ts our judgment that effective sanitary adminis- 

tration requires tlie adoption of the general policy that 
uo uutre&tetl sewage from (.'Ities or towns shall be discharged Into the boundary 
waters. (Sec. 6.) 
Water auppHes taken from stretuus and lakes into which the sewage of clUes 
and towns Is directly dlsthnrged are safe for use after 
purlllcation, provided that the load upon tlie purlfiylng 
mechanism is not too great and that a sulliclent factor of 
safety is maintained, and further provided tliat Qie plant 
is properly operated, (Sec. 2.) 

In watertvuys wliere some pollution is Inevitable and where the ratio of the 

volume of water to the volume of sewage Is so large that 

-C" •• to »tiuii»f jjp [,j^[ nuisance ean resull. It Is our Judgment tuat the 

method of sewage disposal by dilution r^resents a natural 

! and that the utilization of this resource is Justifiable for economic 

reasons, provided tliat un unreasonable burden or responsibility ia not placed 

upon any water-purification plant and that no menace to Ihe public health is 

occasioned tlierebj. (Sec. 5.) 

This " burden or responsibility " is a very important element to 
be considered in arriving at a standard of puri- 
or'tiHiMt^m'sumi!^ fication or tlm limits of permissible pollution, 
The advisory engineers were interrogated very 
fully on this subject at the New York conference and were pressed 
to define this limit in as exact terms as possible. Their answer is 
contained in the fouilh section of their r&ume: 

While present Information does not permit a definite limit of safe loading 
of a water-puriBcatlon plant to be established, It is our Judgment that this 
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limit la exceeded if tbe annnal average number of B. coU In the water flet 
to the plant Ib higher than about 500 per 100 cubic centlmetem, or if In 0.1 
cubic centimeter samples of tlie water B. coli Ib found 50 per cent of the iKne. 
Wlth Buch a limit the number of B. coli would be less than the figure glvan 
during a part of the year and would be exceeded dnrlng some periods. 

It is scarcely necessary to remark that the engineers are speaking 
of bacterial pollution only. In view of the present 
mn^um"' "**"' stage of progress in sanitary science, this limit or 
standard must be regarded as tentative. Their 
evidence shows that they regarded the question as profoundly 
affected by conditions and in no sense capable of absolute generaliza- 
tion. The commission agrees with the statement of principles set 
forth in these four sections. It therefore recommends that all 
sewage should, before being discharged into boundary waters, re- 
ceive some purification treatment, and the degree of such treatment 
is to be determined in a large measure by the limits of safe loading 
of a water-purification plant. 

To determine the extent of remedial treatment required in each 
particular case would involve consideration of the varied lines that , 
have been followed by the commission throughout the present in*^ 
quiry; the existence of pollution and of harm, actual or potential,; 
to domestic or other uses, to public health, or property; the resulU 
of the engineering studies of feasible remedies; and the economic ^ 
facts relating to the conservation of stream resources. It would 
require the balancing of the value of remedial measures in the terms 
of public good against the cost of the requisite improvements. 

On the one hand, it is evident that the paramount importance of 
public health and the binding obligations of the treaty must be J 
borne in mind. These make impossible the recommendation of 8U<^a 
lenient remedial measures as would work economic injustice orl 
would indorse officially the continued spoliation of a natural re- f 
source to the injury of the citizens upon both sides of these waters. \ 

On the other hand, sewage-treatment requirements must not bo I 
made so excessive and unreasonable as to involve the cities and towns -I 
along these waters in an expenditure entirely unjustifiable. They I 
should be reasonable and feasible from the standpoint of engineering* 
construction, of adaptability to local conditions, of the availability I 
of necessary lands, of outfalls and incident structures, and of costs. T 

In view of the fact that pollution in the Detroit and N^iagaraJ 
Rivers, and its transboundary effects therein, are much greater than 1 
in the other boundary waters, these two rivers will be treated as onaJ 
class and the remaining boundary waters as another class. 

The problem of necessary bacterial purification of the sewage dis-4 
charged into the two former is one of extreme perplexity, owing to! 
the difficulty or impossibility of obtaining definite and ample data J 
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and the relative importance to be attached to many of the factors 
which enter into it. 

After a great deal of consideration the commisaion has. in view of 
all the circumstances of the case, come to the conclusion that for the 
present, and as an immediate step in the way of restoration of the 
purity of these streams, the communities responsible for the discharge 
of raw sewage into them should purify it to such an extent that the 
resulting average cross-sectional pollution in each river will not ex- 
ceed the limit of safe loading for a water-puriScation plant. 

In other words, the standard of purification required of these 
communities should be such that the streams after receiving their 
treated sewage would have a mean annual cross-sectional average of 
B. coli not exceeding 500 per 100 c. c. 

Compliance with the requirements of this standard would not im- 
pose upon the riparian communities along these rivers discharging 
their sewage therein a burden which would bo unreasonable or 
greater than that ordinarily imposed upon urban communities which 
purify their sewage. 

It necessarily follows that this standard of sewage ourification, 
being based upon a tentative standard of safe load- 
.Br.u«*«j^ "«««! '"S of water-purification plants, must itself be 
tentative. The growing appreciation of sanitation, 
the consequent demand for a higher degree of purity in water sup- 
plies, and the constant improvement that is taking place in the proc- 
esses of sewage treatment (end to make a proper standard of sewage 
purification one of ever-increasing stringency. The discovery of a 
new and much more economical, or possibly a profitable, method of 
disposal of sewage, for example, would naturally lead to the adop- 
tion of a stricter standard of permissible pollution in heavily pol- 
luted streams. Furthermore, any limit of permissible impurity that 
might be established even temporarily for a given stream must be 
influenced largely by strictly local considerations. 

Tlie data necessary for the formulation of a fixed standard either 
of sewage purification or of water purification are not sufficiently 
well established at the present time. By more precise methods of 
expeiimental study there will doubtless be obtained in the future 
a more ample and accurate command of facts, which will adniit of 
the determination of a more definite standard. 
In view of the difficulties and uncertainties of bacteriological 
technique, it is distinctly advantageous to have, if 
•rkiBs nil* possible, a working rule which is more accurate 
and readily determinable than the bacterial stand- 
ard suggested. Prof. Phelps, the consulting en^- 
neer, taking the results of the extensive investigations reported 
upon in the. Progress Report as nn index of the conditions actually 
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existing, worked out, as will appear from his calculations on page 
9 of his report to the coniDiission, such a rule or standard. 

He found that if the sewage of the cities be diluted in a stream flow 
of 4 cubic feet per second, per capita of the population, the resulting 
water will contain approximately 500 B. coli per 100 c. c. If the 
dilution is proportionately less than this, a corresponding degree of 
purification of the sewage will be necessary to maintain this final 
stream condition. Further investigations will no doubt make pos- 
sible a more accurate statement of these relations, but, as the entire _ 
matter of standards is always subject to revision in the light of a 
cumulated knowledge, it is considered that for all purposes of a pre 
ent inquiry the practical equivalence of the dilution and the bu 
teriological standards may be accepted. 

These standards are not applicable to rivers other than the Niagi 

and Detroit, but it is in no sense to be inferred, how 
Th« cui of bonBa- > i - ■ - ' j 

■rr ri'cn ■uodnni d> ever, that I'emedial or protective mca: 
iew»«e pnriii««tioB In required in their case where the effect of poUuti 
based upon the entire ci-oss section of the streu 
exceeds in every instance 4 feet per second per capita of the popt 
lation. 

As has been stated, the view of the advisory engineers is adopta 
that no untreated sewage should be discharged into boundary wate 
but the conmiission considers it inadvisable at the present time t 
prescribe what the amount of treatment should be in the case of t 
remaining rivers. The sewage from each community along thd 
banks must be considered by itself in respect of the degree of purif 
tion that is necessary, basing the standard on the reasonable use 4 
the waters, the practical possibilities of remedial and protective mei 
ures, the economic value of stream purification, and also the econoio 
value of stream pollution, proper regard being had to the pabfl 
healtJi. 

After giving much attention to the question of standards of [ 
fication in these six boundary rivers the commis^on has come tod 
conclusion that the fixing of standards for them, and the subs 
modifications of those standards from time to time, should be left 
hereinafter recominende<1 to some authority clothed with the E 
sary power to deal with the question. This authority should i 
have power to vary, from time to time as conditions demand, 
standaitls of sewage purification in the Deti'oit and Niagara Bin 
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Vn.— BEUEDIAL TREATMENT BEQUIBED. 

The Becond branch of the reference is concerned with remedying 
and preventing pollution in boundary waters. 

In what ttny or manner, whether by tlie construction aod operation of suitable 

^^ . b h r tlraioaBe canals or plants at convenient points or ntber- 
ninntt. '*''^'*' '* '^ possible unU advisable to remedy or prevent the 

pollution of these waters, and by what means or ar- 
rangement can the proper conslructlou or operation of remedial or pre- 
ventive works, or a system or method of rendering these wuters sanitary and 
suitable for domestic and other uses, be beat aecured and mnintalned In order to 
Insure the adequate protection aud development of nil Interests Involved on 
both sides of the houndary. and to fulfill the obligallone undertaken in Article 
IV of the waterways treaty of January 11, 1909, between the United Stales and 
Great Britain, In whlcli It Is agreed that the waters therein deQned ns boundary 
waters and waters flowing across the boundary shall not be (Kflluted on either 
aide to the Injury of health or property on the other? 

The question of securing treatment of the sewage discharged into 
boundary ivaters is one in respect of which, for- 
vtm^'*' "' "'"'''" '"""telyl^ the communities responsible for the pollu- 
tion are inclined to take a reasonable view. At sev- 
eral meetings held by the commission the representatives of the 
various coin muni tics interested generally recognized the intolerable 
condition of boimdary watei's from a sanitary standpoint, and 
expressed their assent to any reasonable remedial measures the 
commission might suggest. Some objections were made to any dis- 
turbance of the existing order of things, but the commission was 
pleased with tW sympathetic reception generally met with in dealing 
with this problem. 

In this connection the following extract is given from the report 
made by Mr. Clarence W. Hubbell, consulting sanitary engineer of 
the city of Detroit, in November, 1916. It is at one and the same time 
the expression of the opinion of a well-known sanitary engineer and 
an evidence of the commendable attitude taken by him and the city of 
Detroit with respect to sewage purification. 

In regard to the second part nf the problem, as to what expense would be 
Justiflod for FewHge treatment. It Is dllllcult to formulate an answer In terms 
of money alone. However, It Is believed that, aside from tlie International 
features of Ihe problem, the combined benefits which would accrue from a 
more cleanly water front, purer water at the bathing beaches and summer 
playgrounds, reduction In typhoid and other water-borne diseases, due to tht 
use of sewagG-laden water along Ihe river front; betterment of raw-water sup 
piles for the munici pall ties below the city, and the protection of Detrnlt'i 
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water from sross sewage polhitloo nl times wlien ilie Detroit Hlver Hows bact- 
wnrrt, rnnply Justify the expenditure rwinlred for Kewage-treatmeut works as 
above outlined. In round fisi'rea, the cost would l)C about SC.OOO.OOO, and In my 
JudKinent the expendinire of this Biim would he JUHtlfinble, 

The duty devolving upon the commission in answering the Erst 
qnestion contained in this branch nf thii reference is not to Iny down 
any particular scheme of remedial works which the communities 
interested should adopt, but to ascertain wheiher or not there is any 
means by which the poUiition of boundary waters can he prevented 
or remedied whi'h is at once practicable and within their financial 
ability. Subject to the requirement that the remedial worits should 
he ample to accomplish the desired results, the adoption of the par- 
ticular type of works to be installed should be left to the coromuni- 
ties themselves, which may be able to select more efficient and lesa 
expensive methods than those which the commission has found suffi- 
cient to work out the desirable standards of sewage puriBcatton. 
The art of sewage treatment hus developed along divers lines, audi 

there are available at the present time various ty] 
v«rion» tntt of of treatment adaptable to the needs of- varying 
tTMiaoBk conditions. The most important type of pollution 

is the bacterial contamination of drinking-water 
supplies. Sewage-polluted drinliing water constitutes an actual or 
potential menace to health, so much so that the presence of the bacte- 
rial organisms of water-borne diseases in the sewage of an urban com- 
munity should always be assumed. While bacterial pollution is most 
serious in the case of waters used as sources of drinking-water sup- 
ply, it is alrio serious in the case of waters used for bathing, boatings 
and other pteasurablo esercises, and also, although to a less degl 
in the case of shore waters on account of possible indirect infecti« 
through cattle and insects. 

Certain types of sewage treatment processes, such as sand filters;, 
having as their chief function oxidation of sewage, are incidentally 
more or less efficient as a means of disinfection; but sewage ditrin- 
fection as a primary requirement is most economically and efficiently 
carried out by chemical means. Among the various chemical agents 
that have been proposed from time to time and extensively used 
for this purpose, calcium byperchlorite or bleaching powder has 
proved most satisfactory. 

A second type of pollution or nuisance arising from the discharge 

of sewage into boundary waters is physical and re- 
riijiiea] p«UiUm. Ifttes primarily to the condition of streams, &s 

floating matter, turbidity, deposits upon the bot- 
tom or banks, and unsightly appearances. Sewage screening by 
means of so-called coarse iJcreens will remove a considerable portioa 
of the larger and more undesirable floating matter and improve the. 
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appearance of streams. Efficient sedimentation will remove a siib- 
stnntinl part of suspended matter gonornlly nnd nearly the whole of 
the suspended matter which is capahle of settling and producing hot- 
I torn deposits of an offensive character. Fine screening is inlermedi- 
f ute in effectiveness between coarse screening and sedimentation. The 
requirements of each particular situation and (he rehitive cost of the 
installation and operation of these three systems must determine in 
each case the type of treatment to be adopted. There is a third typo 
of nuisance, chemical in its nature, which arises from changes in the 
uhemical characteristics of streams — reduction in the normal degree 
of aeration, development of offensive odore, and discoloration and 
banishment or destruction of fish life. It is due to the osidizable 
, character of the polluted waters. Partial improvement results from 
I Bcreening or sedimentation by the removal of a portion of the 
oxldizable matter. Biochemical o.\idation of sewage, which is the 
most effective treatment, is brought about by passing it through 
natural or specially prepared beds of sand or over the surface of 
atones or other coarse material or by passing it through Innks, with 
artificial aeration in contact with sludge properly cultivated {acti- 
vated sludge), for the development of oxidizing organisms. 

With the extension of stream pollution by increasing population 
these three kinds of nuisance appear in the chronological order in 
which reference has been made to them, A minor physically unde- 
tectable pollution may seriously injure a stream bacterially, and a 
stream may be physically affected by floating debris and deposits, 
and yet, from a chemical standpoint, be normal or practically so. 
The final result of continuously increasing pollution is the chemical 
breakdown of a stream, resulting in the most objectionable conditions, 
examples of which are becoming increasingly common in the more 
densely settled sections of both countries. In purely local situations 
in the Niagara, Detroit, and St. Clair Rivers, for instance, notably in 
the vicinity of sewer outlets and the mouths of tributary streams, 
and in the inner harbor at Buffalo, the waters are polluted to the 
extent of definite chemical nuisance. At these points the difficulty is 
due to incomplete dispersion of the sewage permitting the overload- 
ing of the immediate waters. The rivers as a whole, however, are 
far removed from this condition. 

It is advisable to consider the Niagara and Detroit Bivers as a class 
by themselves so far as remedial and preventive systems are con- 
cerned. As has been stated, the most serious condition existing is 
the bacterial pollution of these streams. To remedy this evil, sewage 
treatment should be applied in connection with dilution so far as is 
necessary to bring their waters to the standard mentioned — a mean 
annual cross-sectional average of B. coli not exceeding ,'iOO per 100 
c. a. ThJf oeceSGory sewage purification can be effect^ by fine screen- 



Digitized by 



Google 



42 



FINAL HEPORT INTERNATIONAL JOINT COMMISSION. 1 



ing or aodimeiitation, and wlien necessary by chemical diaioff 

at a cost which will impose no unreasonable burden upon the urban 

community responsible for the present pollution. 

The consulting engineer, Prof. Phelps, investigated the question 

of installing adequate remedial works at Detroit 

Cmi of Tincdiii and Buffalo, The results of his investigation are 

■Dflii at Buffmlo «ail . ■ ■.■ i. ■ ■!. ■ ■ , i ■ i 

i,,t„i(. given in nis report to the commission, to which 

those desirous of looking into this question at 
length are referred.* A summary of his conclusions, however, is 
given in the following table: 





Elntooit. 


ADDIUKthBrRM. 




Intercept- 
dn. 


,«r 


Und. 


TotiL 


ni«d. 


•V- 


Total. 


^ 


DBtKdt 


|3,M0,aM 
1,680. (WO 


W;^ 


^;SSS 


tffiS 


«;S 


•S:S 


Ull.tMO 

SBO.OOO 


lO^g 







I 



The estimated first cost of necessary i-emedial works for Detroit is 
about $6,000,000, and for Buffalo something less than $4,000,000. 
In each case about one-half of the total costs is for treatment works 
proper, the remainder being the amount chargeable to the collection 
of sewage. The annual charges include interest, maintenance, and 
operating expenses, and amount on a per capita basis to 54 and 65 
cents, respectively. 

The United States Census Bureau furnishes data' respecting the 
combined yearly charges per capita for water and sewerage works 
in American cities, Tabulated, these data are as follows: 

Cities over 500,000 population $3.48 

Cities from 300,000 to 500.000 4.01 

Cities from 100.000 to 300.000 ate 

Cities from 50.000 to 100.000 

Cities from 20,000 to 30,000 

Average of all cltU'S over 30,000 population _ &9ffl 

These estimated yearly costs per capita for required sewage trea&- , 
ment determuied by Prof. Phelps do not appear to the cummission 
lo be unreasonable, either in view of the combined water and sew- j 
erage costs in the United States cities or in view of the financial stand- 
ing of the communities interested. 

The sewage pollution of the Rainy. St. Marys, St. Clair, St. Law- 
rence, St, John, and St. Croix Rivers differs from I 
otiiw ri>™. that of the Detroit and Niagara Rivers in degree, 

but not in kind. The less concentrated populatiom j 
on these six rivers have not yet brought about the regrettable condi f 

■ Bepoct ot the ConmiKluK SiinHnr)- Kngitic'er L'ijon ttcnifdinl Meaaurcs. Mar. 6, 191*. 

■ D. 8. muiM BUTcm. riiundal Slatlatlci of CtllM, 1812. WublDilon, 1013, 
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tionE existent in the other two. A fortunate opportunity, therefore, is 
ufforded them to avoid the dilemma of the more dense populations 
alonjr the Detroit and Niagara Rivers and to profit by recent advances 
in sanitary science and provide at an earlier stage in their develop- 
ment facilities and arrangements for sewage purification, the absence 
of which makes stream protection in the Niagara and Detroit Rivers 
a matter of such serious expense and difficulty. Despite the fact that 
the effects of pollution in these six streams are largely local and con- 
fined in the main to shore conditions, the commission has no doubt 
as to the advisability of their adopting remedial measures in the im- 
mediate future. The extent of treatment required is controlled by 
local rather than by general conditions. By this statement it is 
meant that while conditions exist in many instances which are in 
substantial contravention of treaty obligations, their immediate local 
effect is much more serious than their effect upon the stream as a 
whole. Remedies sufficient to meet the local conditions would be 
ample to meet the international situation. 

In the case of these streams any remedial works installed in com- 
pliance with existing legislation, and the regulations of the States 
and Provinces directly affected, should have in view the safeguard- 
ing of international interests, present and future. These interests 
require as a minimum measure the planning of a sewer system with 
provisions for the collection of sewerage at one or more points suit- 
able for treatment, the installation of tanks or other devices suffi- 
cient for the removal of the larger portion of the suspended solids 
capable of settling, and ample equipmeat for the chemical disinfec- 
tion of all sewage at such times as may be found necessary, the time 
for taking these remedial measures to be left to the discretion of the 
authority hereinafter recommended. 

The consulting engineer also investigated the question of the cost 
of adequate remedial works at the following towns in the Province 
of Ontario: Windsor, Sarnia, Amherstburg, Fort Erie, Niagara 
Falls, Bridgeburg, Chippewa, and Queenston; at the following 
towns in the State of Michigan : Port Huron, St. Clair, Marine City, 
Algonac, River Rouge, Ecorse, Ford City, Wyandotte, and Trenton; 
and at the following towns in the State of New York; Tonawanda, 
North Tonawanda, Lasalle, Niagara Falls, Lackawanna, Kenmore, 
Ijewiston, and Youngstown. 

In the case of these cities and towns the estimated annual charges 
in connection with these works, including interest, maintenance, and 
operating expenses, range from 44 cents to $2.49 per capita, averag- 
ing 77 cents per capita of their population. These estimates, as well 
as the estimates in the case of Detroit and Buffalo, are based on ordi- 
nary prices and not on the exceptional prices which, owing to the 
war, are ruling at the present time. These charges also appear to 
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the commission to be reasonable, both in view of the financial stand- 
ing of the towns and cities and in view of similar charges in the case 
of other towns and cities in the two countries. 

Although the commission felt itself more concerned with results 
than methods, it devoted considerable time and at- 
obaU^Tt^'*^!"^'. '•^"ti'^n to the investigation of improved processes 
of sewage treatment and disposal. The science of 
sanitation, as has been i-emarked, is a progressive one, and its ad- 
vance is marked by important developments from year to year. 

Mr. T. Chalklej Hatton, sanitary engineer for the city of 
wniikee, gave evidence before the commission on this subject.* 
of his statements illustrates the active spirit of reseaich along 
line which to-day characterizes the world of sanitary science, 
says: 

Before deciding upon Uie metlioils of sewnjie dispii^iil for MIlM-nulcee wc bnBt 
mrher nn Huborate expert nieutal station, In which we trleil to pat «H tlios« 
modern methwla of sewage disposal now prevalent In this country and abroad. 
ana I Oiinl: we lind 23 different processes e^'as on there at one time — one of 
the Inrgetit experimental stHtions carrieit on lu this country for Hewage-dlsposal 
purposes. 

A controlling factor in the disposal of sewage is the cost of dealing 
with the sludge. Great care must be taken in disposing of the set- 
tleable solids of sewage in order to prevent local nuisances, and under 
certain conditions very large expenditures must be made to prevent 
the substitution of nuisances on land for nuisances in the water of the 
diluting streams. What sanitary engineers genei-ally are seeking for 
is some effective process by which the disposal of the sludge can be 
made a commercial success. 

The activated sludge process, which has apparently been Gnall^j 
adopted by Milwaukee, is one of the most promising of modeni'i 
methods and is meeting with the approval of a large number (rfj 
sanitary engineers. 

A sludge- treatment process operated in England was discussed be- 
fore the commission by Mr. Edward A. Paterson, chemical engineer 
of London.* The object of this process is to dry prepared sewage 
sludge so that it can be used as a fertilizer and extract as by-products 
during destructive distillation, ammonia, oils, gas. fat, phenol, .and 
other materials suitable for drugs and dyes, Mr, Paterson claintB 
that the sludge can be and is being treated by this process in Eng- 
land at a fair profit. Other processes were looked into. Of all of 
them it may be said tliat tliey are still in their experimental stage, 
and while their residts so far have under certain circumstances been 
very encouraging, they have not been fully tested by time and condi- 
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> Henri nei at Ibc Inlcrnatloniil Jalm CommlBKlou In re remedies fi: 
bouudarr niilerB betwrnn Uie Dulled Btatea and Canada, 1916, p. 99, 
■ Ibid., p. 85. 
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mons. A full discussion by the commission of these various proc- 
i in their present stage of development would not serve any 
Bnsefiil end, and its opinions would not be taken, and could not be 
ftespected to be taken, as conclusive as to their respective merits. 

So far remedial methods have only been dealt with in connection 
ivith urban communities. Sewage from vessels, water ballast dis- 
icharged from vessels, garbage, industrial and manufacturing wastes 
■.call for consideration with regard to remedial methods. 

The discharge of sewage from vessels has been shown to constitute 
a series menace to public health in both countries, 
not only through the possible contamination of 
Water supplies near their intakes, but also by reason of its effect upon 
■ the water supplies of other vessels traversing the same areas. Esperi- 
IlDents undertaken by the United States Public Health Service have 
f shown that by the use of steam this sewage can be easily disinfected 
before discharge. A practical test of an automatic apparatus de- 
signed for this purpose carried out through two complete seasons upon 
the P. C. Kerr, a lake steamship, met with entire success both as to 
mechanical operation and bacteriological efficiency. The installation 
of this apparatus would be quite inexpensive and all steamships on 
boundary waters should be compelled to sterilize their sewage. Since 
the navigation of these waters is almost entirely by steamship, the 
evil now caused by this sewage would be practically remedied. In 
the case of other vessels some system of purification can doubtless 
be found which is cheap and practical. 
Pollution by water ballast constitutes a more difficult problem. 
There has not yet come to the notice of thu com- 
TiHvilMnut, mission any feasible means of purifying the mther 

large quantities of water which vessels while in 
the polluted areas of inner harbors frequently take on board for 
purposes of ballast, and which they afterwards discharge upon ap- 
proaching their ports of destination, often while passing water 
intakes. It will probably lie sufficient for the present at least to 
control this practice by suitable regulations, designed to limit or 
prevent the discharge of water ballast in the neighborhood of intakes. 
In the event of the failure of .such control by regulations, more ex- 
pensive and time-consuming methods of treatment will have to be 
developed and prescribed. 
The floatable character of garbage generally renders it liable to 
be carried by winds to the shores of the rivei-s and 
durtafa. hikes, where, within a limited radius, it becomes 

particularly offensive. In the case of one Ameri- 
can city of considerable sine a substantial part of its garbage was 
being disposed of by dumping it into the main outfall sewer near its 
mouth. Such a practice is highly coDsurable and out of keeping 
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with the usual practice of American cities. The remedy for pollll 
tion from this source is to prohibit the discharge of all garbage i: 
boundary waters. 

Pollution from industrial wastes has received a gi'eat deal of at- 
tention, and expensive works for its purification 

iBdutrimi nMtM. have been installed both in this continent and in 
Europe. In some of these works valuable by- 
products have been recovered, and the cost of treatment thus re- 
duced. The immensity of the boundary waters, and their consequent 
capacity for dilution, will probably for some time to come preveni 
pollution from this source other than sawmill and pulp mill wastes 
becoming an international question. Having regard to the future, 
however, it is well to provide for its regulation. Specifically the 
dumping of large quantities of sawdust and other sawmill waste, 
and the discharge of wastes from pulp mills, have been brought to 
the attention of the commission. Sawmill waste has in many States 
and Provinces been prohibited by laws, more honored in their breach 
than in their observance. It is possible that there will come a time, 
and not in the very distant future, when all sawmill wastes will 
become valuable and be utilized in manufacturing; but in the mean- 
time these wastes should be burned, or otherwise prevented from 
being discharged into boundary waters. At present the St. Johi 
Lumber Co.'s sawmill on the St. John River at Van Buren, Me., difr 
poses of all its sawmill waste in connection with the pulp mill iflj 
its vicinity, and none of it is permitted to enter the St, John Rival 
Other cases, including wastes from manufacturing and chemid 
industries, may demand further investigation of a somewhat do-^ 
tailed character before it will be possible to determine the extent of 
the resulting injury and the feasibility of remedial measures. The 
nature of the treatment of this waste and the degree of its purifica- 
tion necessary will have to be determined upon the facts and circui 
stances of individual cases as they arise. The dealing with this clai 
of pollution should be left to the authority hereinafter reconunende< 
The reference specifically calls for consideration by the com 
mission of drainage canals as a possible way i 

Dniuf* »ui*. means of remedying or preventing the tram 
boundary effect of pollution. The only suggestio 
that has been made before the commission of a drainage canal proje< 
is of that promoted by the Erie & Ontario Sanitary Canal Com-J 
pany. This company was organized primarily for power purpose 
but among the objects in its application for incorporation is remec 
ing the pollution of the Niagara Kiver by the construction of a canal 
starting at or near the mouth of Smokes Creek in the city of Lad 
wanna and thence running through a well-settled country to Lata 
Ontario. It is proposed that the canal should be used free of char| 
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by the cities of Lackawanna, Buffalo, Tonawanda, North Tona- 
wandn, Niagara Falls (United States) , and Lockport, and by all other 
municipalities and communities on the United States side of the 
Niagara Eiver to carry off their sewage and storm flows, which are 
now discharged into Lake Erie and the Niagara River, provided each 
city or town make its own connection with the canal without expense 
to the company. The company applied to the Secretary of 
War for the United States by application dated April 23, 1912, for 
permission to divert for its purposes 8,000 second-feet of water from 
Lake Erie and the Niagara River. The necessary authority for 
the diversion of this water was denied by the Government of the 
United States, but the company desired to secure from the commis- 
sion an approval of the canal as a feasible solution of the pollution 
problem in the Niagara River. Opportunities were afforded the 
company to appear before the commission on several occasions. The 
company's president, Mr. Millard F. Bowen, its counsel, Mr. George 
Clinton, and others on its behalf made at the different sittings able 
and lengthy argimients, and briefs were submitted to the commis- 
sion containing statements of fact and arguments from Messrs, 
Randolph, Clinton, Bowen, and Shiras in support of the scheme. 
Quite a large amount of evidence was taken, as will appear on ref- 
erence to the records of the commission.' The financial and sanitary 
features of the project did not, however, appear to have been suffi- 
ciently investigated. The plans and data submitted were conse- 
quently referred to the consulting engineer for further investiga- 
tion and report. His report was decidedly adverse to the under- 
taking for two principal reasons; (1) It proposes to receive sewage 
in its raw condition into the canal, thus creating a large open sewer. 
A condition of serious menace would therefore obtain throughout 
its length ; and if the sewage were allowed to pass into Lake Ontario, 
conditions there would be at least no less objectionable than they 
are at present. (2) The treatment required to prevent nuisance 
in such a canal would necessarily be more complete and correspond- 
ingly more expensive than treatment required for the protection of 
the Niagara River— a result due to the comparatively small volume 
of diluting water available in the canal and the consequent neces- 
sity for thorough treatment of the sewage by expensive oxidizing 
methods. These reasons would apply with much greater force in 
the future. Buffalo and the towns below are rapidly growing. 
Should their combined population reach a total of 1,000,000, tlie 
diluting power of the diverted water would be so inadequate that 

< FrclImlDiKT report ol committee havliiK Ksneral supervision of tbe luTestlKatloo relat- 
ing to thp poliaUon ot boiindiir)' watpta, with document* • • • relatlns to (he petl- 
tionii of tbe Erie & Ontario Baaltarir Canal Co. tor permlBaloD to divert (i.OOO second- 
feet from Lake Hrle, 1918. 
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during the summer months the waters of the canal would be devoid 
of oxygen, dark in color, and foul smelling. One nuisance would 
be abated by the creation of a much greater nuisance, which couJd 
only be corrt-cted by the most intense sewage purification. The 
commission, after full consideration of all the features of the project, 
is of the opinion that besides being objectionable on other grounds 
it is inadvisable as n sanitary measure. 

On the general question of drainage canals as a method of sewage 
disposal the commission is unable to express any opinion, as each 
case must be decided upon its merits. Consideration of any scheme 
involves a study of the amount of water available for diversion, the 
water-carrying capacity of the canal, the amount of raw sewage to 
be discharged into it. the character and cost of treatment of the 
sewage to be curried, and the consequent interference with the many 
other interests which may be affected, all of which elements vary 
according to local circumstances and conditions. 

In the discussion of sewage standards and pm-ification and other 

matters in this report it was recommended that 

poiutioB"' ihMid' be ^^^y ^ dealt with by some authority whiih shouI< 

MMidfrfd ind coo- be clofhed with the necessary power. In view oj 

itiut'd," "' ""* ^1"^' has been s.Tid under the heading of "Trai 

boundary effect of pollution," the commission is of 
the opinion that to the extent that is consistent with a proper degree 
of autonomy hy the urban communities interested, all boundary 
waters, so far as pollution is concerned, should be subject to thfi' 
regulations prescribed by this authority. If, during the investij 
tion. one thing impressed itself more than another upon the atti 
tion of the commission, it was the view that while pollution which.' 
has ft transboimdary effect must in consequence of the obligation 
resting on both countries under the treaty be distinguished from 
pollution which has not such an effect, the distinction is, from a prac- 
tical standpoint, highly teclinical and artificial. The question of 
pollution, if ft narrow construction be placet! upon the treaty and 
reference, is but a part of the larger question of pollution in boundary 
waters generally, in the solution of which both countries are, as has 
been shown, vitally interested. The present international situation 
is not the result of any desire on the part of the inhabitants of either 
country to igjiore international obligations either of comity or ai\ 
law, but is the outcome of the failure on the part of the urban com*'' 
munities in each country, respectively, to recognize from a sanitary 
standpoint any right in other communities to river waters, especially 
communities on their own side of the boundary line. Every border 
community in the United States and Canada has in the matter of 
sanitation considered its own immediate interests exclusively. Tha 
result is that wliile those communities have been tolerably succeaaful 
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I the management of sanitary afFaii-s within their own territorial 

mits and have installed water and sewerage systems fairly ample 
Sor their own present needs, they have recognised no responsibility 
Whatever resting upon themselves with regard to their sewage efflu- 
*nts, and by discharging them untreated into river waters they have 
lompelled their neighbors to submit to intolerable conditions. The 
present practice of discharging sewage in this manner must be re- 
stricted until an equilibrium, so to speak, of the rights of all com- 
munities in the waters of the boundary rivers is established, in which 
each may discharge its sewage into these waters, but only to such 
an extent and of such a degree of purification as shall not interfere 
with the reasonable enjoyment by other communities of their rights. 

The situation on the boundary waters is not unique; many like 
it exist elsewhere, althougli not on so large a scale. A close parallel 
exists in the case of the boundary watei-s between England and Scot- 
land, By act of the British Parliament passed in 1898 the local 
government board for England and the secretary for Scotland may, 
on certain steps being taken, "together constitute a joint committee 
representing all or any of the countries through or by which such 
river or any specified portion or tributary thereof passes; and such 
committee may have all the powers of a sanitary authority with 
respect to pollution in such waters." 

In this eoimection reference may be made to the views of the 
British royal commissions already mentioned whose extensive and 
exhaustive investigations into river pollution, most scientifically con- 
ducted for a lengthened period, entitle their opinion to great weight. 
Their reports, especially the reports of the last commission, repeat- 
edly emphasize the gi-eat necessity for sanitary purposes of having 
a river, as a whole, under one management. 

Under existing sanitary laws and their administration the pollu- 
tion evil has been steadily growing along the boundary. The indif- 
ference to injury done others, the financial interests of the different 
communities, and the practical 4ifficulties in arriving at concerted 
action are so hard to overcome that the only assurance of betterment 
lies in the constitution of some authority which shall have jurisdic- 
tion over boundary waters and be clothed with ample power to 
pri'vent thpir being unduly polluted. Consistently with the exercise 
of its powers by such an authority, the installation of remedial works 
and the expemlitures in connection therewith would all be in the 
hands of the local authorities. The only interference with the lat- 
ter on the part of the suggested authority would bo to proscribe 
the necessary capacity of the sewage-purification works and the 
degree of efficiency with which they should be operated. From the 
international standpoint this capacity and degree of efficiency need 
87873—18^ A 
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not exceed those which should prerail for the protection amoei 
themselves of the communitiw on either side of the boundary line 
As haa been remarked, the question of the pollution of thoa 
waters (jenerally is a matter of great international moment. Ii 
view of this fact and of tlic variety and possible conflict of nalioitil 
State, provincinK and miinioipal authorities, it is too obvious tc 
require discussion that tlie rccomniciulpd authority should be jointh 
created by the high contractinf; parties. As the International JoiD 
Commission is under the treaty clothed with jurisdiction ovo' Ih 
use, obstruction, and diversion of boundary waters, t<^ether vitl 
jurisdiction over other international matters, it is recommended tliii 
the necessary jurisdiction and authority in respect of the pollndti 
of boundary watoi-s and waters crossinp the iKiundary be confemd 
upon it; and for the purpose of (riving etiet't to the jurisdiction tii 
authority so conferred that the commission be authorized to mak 
such rules, regulations, directions, and orxlers as in its judgment mii 
be deemed necessary ; and that power be also given to the conunifaa 
to appoint such engineers and employees as it may consider advisaUe 
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Vm.— CONCLUSIONS AND BECOHMENDATIONS. 

The following is a summary of the conclusions the commission 
has arrived at, and of the recommendations it submits to the two 
Governments : 

1. The Great Lakes beyond their shore waters and their polluted 
areas at the mouths of the rivers which flow into them are, except 
so far as they are affected by vessel pollution, in a state of almost 
absolute purity. With the exception of these pure areas, the entire 
stretch of boundary watersj including Kainy River, St. Marys 
River, St. Clair River, Detroit River, Niagara River, St. Lawrence 
River from Lake Ontario to Cornwall, and the St. John River from 
Grand Falls to Edinundston, New Brunswick, is polluted to an 
extent which renders the water in its unpurified state unfit for drink- 
ing purposes. This pollution has its origin chiefly in the sewage and 
storm flows front the riparian cities and towns and the sewage from 
vessels. It is veiy intense along the shores of the Detroit and 
Niagara Riversand in the contaminated areas in the Lakes. Through- 
out the whole length of the boundary waters where sewage is dis- 
charged from the sewerage works of cities and towns the pollution 
is most concentrated in the shore waters on the side of the boundary 
on which it originates. These shore waters, besides being in places 
unsightly, malodorous, and absolutely unfit for domestic purposes, 
are a source of serious danger to summer residents, bathers, and 
others who frequent the localities. So foul are they in many places 
that municipal ordinances have been passed prohibiting bathing in 

2. In the Detroit and Niagara Rivers conditions exist which im- 
peril the health and welfare of the citizeiis of bcth countries in direct 
contravention of the treaty. This is true, though in a less marked 
degree, of the Rainy and St. John Rivers. 

3. In the St. Marys, St. Clair, and St. Lawrence Rivers pollution 
exists which is in substantial contravention of the spirit of the 
treaty, and unless these conditions are improved, and the rivera 
placed imder the control of competent authority, the resulting in- 
jury will be much more pronounced as population increases. 

4. Vessel pollution in certain parts of boundary waters exists to 
an extent which causes substantial injury to health and property. 
It is derived from two sources, sewage waste from vessels and 
" water ballast " which is taken in by lake ve-=sels at their ports of 
departure and emptied into these waters at or near their ports of 
destination. Vessel pollution is distinctly traceable in boundary 
waters in lanes and channels which vessels traverse in navigating 
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them, their waters being thereby rendered unfit for drinking pur- 
poses. 

5. In some cases sawmill and other raiU wastes, garbage, offal, car- 
cases, and other refuse matters are discharged into boundary waters. 
This practice results generally in a contravention of the treaty. 

6. It is feasible and practicable, without imposing an unreasonable 
burden upon the offending communities, to prevent or remedy pol- 
lution, both in the case of boundary waters and waters crossing the 
boundary. 

(a) In the case of city sewage, this can best he accomplished by 
the installation of suitable collecting and treatment works, the latter 
having special reference to the removal of bacteria and matters in 
suspension. 

(6) In the case of vessel sewage, a feasible and inexpensive remedy 
lies in the employment of recognized methods of disinfection before 
it is discharged. In the case of water ballast suitable rules and 
regulations should be prescribed with a view of protecting the water 
intakes. 

(c) The discharge of garbage and sawmill waste into boundary 
waters should be prohibited, and industrial and other wastes, which 
are causing appreciable injury, should be discharged subject to such 
restrictions as may be prescribed. 

7. In order to remedy and prevent the pollution of boundary 
waters and to render them sanitary and suitable for domestic pur- 
yioses and other uses, and to secure adequate protection and develop- 
ment of ail interests involved on both sides of the boundary, and to 
fulfill the obligations undertaken in Article IV of the treaty, it is 
adviaable to confer upon the International Joint Commission ample 
jurisdiction to regulate and prohibit this pollution of boundtuy 
watere and waters crossing the boundary. 

Hereto annexed is a schedule showing the reports made to and by 

the commission, and of the minutes of its sittings, which have already 

been printed, or which the commission contemplates having printed. 

Dated at Atlantic City, N. J., this 12th day of August, A. D. 1918. 

CHARLES A. MAGRATH. 

OBADIAH GAKDNEB. 

HENRY A. POA^^LL. 

JAMES A. TAWNEY. 

P. B. MIGNAULT. 

R. B. GLENN. 
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1. Preliminary report of the committee having general supervision ot the 
Investigation relating to the pollution of tHiuodnry waters, with documents on 
file In the United States War Department relutlug to the petitions ot the Erie 
& Ontario Sanitary Canal Co. for perniiaslon to divert 6,000 second-feet tram 
Lake Erie for the purpose of remedying the existing pollution of Niagara River. 
Washington, 1B18. 
v^ 2. Progress report of the International Joint Commission on the reference by 
the United States and Canada in re the poUntion of boundary waters, whether 
or not such pollution extends across the boundary In contravention of the treaty 
of January II, 1Q09, and. If so, In what manner or by what means Is It possible 
to prevent the same, Including report of the eanltary exi)ertB. Washiugton, 
1914. 

3. Pollution of boundary waters. Conference with sanitary engineers at New 
York City, May 26 and 27, 1914. Washington, 1914. 

4. RfoumS of testimony of consultlDg sanitary engineers In the matter of the 
pollution of boundary waters. Conference at New York City, May 26-27. 1914. 
Washington, 1914. 

5. Bearings of the International Joint Commission in re remedies for tlie 
pollution of boundary waters between the Unlteil States and Canada, held at 
Niagara Falls, Ontario, Buffalo, N. Y., Detroit, Mich., Windsor, Ontario, Port 
Huron, Mich., and Sarnla, Ontario, September 25 to October 2, inclusive ; De- 
troit, Mich., November 10 and 11 ; and Washington, D. C., December 14 and 16. 
1914. Washington, 1914. 

6. Hearings of the International Joint Commission In re remedies for the 
pollution of boundary waters between the United States and Canada, being pub- 
lic hearings held at Buffalo, N. Y., and Detroit, Mich., June 21-27, 1916, and 
Ogdensburg, N. Y., August 25, 1916. Washington, 1917. 

- 7. Report ot the consulting aanittiry engineer upon remedial measures. March 
S, 1916. Washington. 1B18. 

// 8. Final report of the Internatlonai Joint Commission In the matter of the 
reference by the United States and the Dominion of Canada relative to the pol- 
lution of boundary waters. Washington, 1918. 
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